IfrO/PCT Rec'd i 3 MAY 199# 



501.36894X00 
S-N. 09/242,046 

SUBSTITUTE SPECIFICATION 

Title of the Invention 

SEMICONDUCTOR DEVICE AND ITS MANUFACTURING METHOD 
Technical Field 

The present invention relates to a semiconductor device 
which is suitable for LSIs, as well as a method of 
manufacturing such a semiconductor device. The semiconductor 
device uses oxide dielectrics, especially oxide f erroelectrics 
in the formation of a capacitor. 
Background of the Invention 

Semiconductor devices consisting of LSIs such as dynamic 
random access memories (DRAMs) , etc. have been confronted with 
problems that the capacitor area must be reduced to cope with 
high integration of the LSI. In addition, such a semiconductor 
device must be prevented from having a complicated structure 
caused by the reduction of such the capacitor area. In order 
to solve these problems, therefore, consideration has been 
given to the use of oxide dielectrics and oxide f erroelectrics 
as the insulator of the capacitor, instead of silicon oxide 
and silicon nitride, which have been used so far. The relative 
dielectric constants of both oxide dielectrics and oxide 
f erroelectrics are as large as several hundreds to several 
thousands. (The oxide dielectrics mentioned here do not 
include silicon oxides, but concern so-called dielectrics 
whose relative dielectric constants are several hundreds.) The 
f erroelectrics have spontaneous polarization and a polarity 



that can be reversed using an external electric field. The 
reversed polarity can also be held. It has thus been proposed 
to use such f erroelectrics for non-volatile memories. A 
conventional memory composed of such f erroelectrics is 
5 disclosed in the official gazette of Unexamined Published 
Japanese Patent Application No-Sho-63-201998 (since oxide 
f erroelectrics can be regarded as dielectrics at temperatures 
above the Curie temperature, hereunder, the term dielectrics 
will be used to describe the f erroelectrics representatively) . 
10 Generally, lead zirconate titanate, strontium barium 

titanate, and the like are used as oxide dielectrics for 

ri I 

^ memories. However, it has been difficult to use oxide 

'fi, dielectric capacitors for semiconductor devices used as 

^ conventional memories, etc., since high temperatures above 

hp 500°C are needed to crystallize the oxide dielectrics in 
an oxidizing atmosphere. 

For example, it might be considered to adopt a structure 
(conventional structure 1; oxide dielectrics/platinum/ silicon) 
such that platinum can be used for a lower electrode which is 
20 resistant against both oxidation and thermal budget, provided 
under an oxide dielectric capacitor. However, platinum and 
silicon react with each other to form platinum silicide at 
their interface. Consequently, the electrical resistance of 
each electrode increases . Thus , the (conventional structure 1) 
25 allowing such a platinum electrode to come directly in contact 
with both the silicon substrate and polycrystalline silicon 
will not be suitable. Instead of conventional structure 1, 
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therefore, another structure was proposed in 1989 IEEE Int. 
Solid-state Circuits Conf. Digest pp-242-243. In this 
structure, oxide dielectric capacitors are formed on a 
passivation layer. On the other hand, a MOS transistor is 
5 formed outside the capacitor area. And, a conductive wiring 
layer using aluminum, and the like is 

applied to connect the source or drain of the MOS transistor 
to the capacitor. In the case of this method that uses such a 
conductive wiring layer, it is difficult to reduce the area 
10 of each memory cell, so that the method is not suitable for a 

2 memory which is highly integrated. 

ftj 

^ The official gazette of Unexamined Published Japanese 

rij 

Q Patent Application No. Hei-3-256358 disclosed a method for 

0 highly integrating a memory formed as follows; a semiconductor 

15 substrate provided with a MOS transistor formed thereon is 

coated with an insulating material; and on the substrate an 
^ oxide dielectric capacitor is formed. In this method, contact 
holes are formed in the insulator and a conductive material is 
filled in the contact holes thereby to connect either the 
2 0 source or the drain of the MOS transistor electrically to one 
of the two electrodes of the capacitor. Generally, 
polycrystalline silicon is used as the conductive material to 
be filled in the contact holes. This structure, however, could 
not avoid the occurrence of the above problems. In other 
25 words, a structure that crystallizes oxide dielectrics 

directly on polycrystal line silicon (conventional structure 
2; oxide dielectrics/polycrystalline silicon) oxidizes the 
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interface between those materials, thereby forming a reaction 
insulating layer. On the other hand, in order to prevent the 
formation of such a reaction insulating layer, the 
(conventional structure 3; oxide dielectrics/platinum/ 
polycrystalline silicon) is required. In this structure, 
platinum is inserted between polycrystalline silicon and oxide 
dielectrics to cope with the problem. This structure is 
substantially the same as the (conventional structure 1) in 
configuration. Platinum and polycrystalline silicon react with 
each other, thereby forming silicide. As a result, the 
electrical resistance of each electrode increases, and silicon 
diffuses into the platinum as well, causing a silicon oxide 
film to be formed on the surface of the platinum, so that the 
characteristics of the dielectric capacitor are deteriorated. 
Another problem occurs, in that the elements composing the 
dielectrics diffuse into the silicon substrate. 

In order to solve those problems, the official gazettes 
of Unexamined Published Japanese Patent Application No. Hei-4- 
14862 and No. Hei-4-181766 disclosed a (fourth structure 4; 
oxide dielectrics/platinum/ (Ti, Ta, TiN, etc. ) /polycrystalline 
silicon) having a non-oxide anti-diffusion conductive layer 
(formed with Ti, Ta, TiN, etc.) so as to prevent inter 
diffusion between the platinum electrode and silicon. 

In addition to platinum, Ti, Ta, TiN, etc. used for 
electrode components,' conductive oxides are also used as each 
electrode of an oxide dielectric capacitor. Such an example is 
reported in (Journal of Material Research, Vol. 8 (1993) , 




pp.12). This typical example represents a (fifth structure; 
oxide dielectrics/ruthenium oxide/Si02) - If oxide dielectrics 
can be put directly in contact with ruthenium oxide, an 
advantage will be obtained in that the mechanical adhesive 
5 strength at the interface between oxide dielectrics and 

electrode increases more than when oxide dielectrics is put in 
contact with a completely different type metallic electrode. 
Such an increase of the mechanical adhesive strength between 
oxide dielectrics and the electrode can improve the 

10 characteristics of the oxide dielectric capacitor, such as the 
S polarization cycle, etc. In this example, the capacitor is 

11 U 

Ig formed on Si02. If the capacitor is formed on polycrystallme 

ill 

'fik silicon, however, ruthenium oxide, which is an oxide, should 
5 not be put in contact directly with polycrystalline silicon 

for the same reasons as in the case of the (conventional 
!^ struct^ure 1) and the (conventional structure 3) . And. in order 
W to prevent such a direct contact, a noble metallic layer made 
# of platinum, ruthenium, and the like should be formed between 

them. In this case, the (conventional structure 6; oxide 
20 dielectrics/ruthenium oxide/ (platinum/ruthenium, etc.)/ 

polycrystalline silicon) will be used suitably. 

Summary of the Invention 

In the above related art, description was made of 

conventional technology to be applied to memories to be 
2 5 integrated more highly by coating a MOS-transistor-f ormed- 

semiconductor substrate with an insulating material, and then 

forming an oxide dielectric capacitor thereon. As described 
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above, the source or drain of the MOS transistor is connected 
electrically to one of the two electrodes of the capacitor 
through contact holes, which are generally filled with a 
conductive material consisting of polycrystal line silicon. 
5 And, the following two structures are adopted for the 
conventional technology described above: 
(Conventional Structure 4) 

Oxide dielectrics/platinum/ (Ti , Ta, TiN, etc.)/ 
polycrystal line silicon 
10 (Conventional Structure 6) 

Oxide dielectrics/ruthenium oxide/ (platinum, ruthenium, 

ft I 

^ etc. ) /polycrystalline silicon 

rn 

'^^ Each of the above structures includes the following 

^ problems. 

%3 At first, the (conventional structure 4) will be 

^ = . ... 

described. In order to crystallize oxide dielectrics, an 
W oxidizing atmosphere at 500°C or higher is required. Under 
^ such a condition, however, oxygen diffuses along grain 

boundaries, etc. of platinum crystal grains, to cause oxygen 
2 0 to reach the anti-diffusion non-oxide conductive layer (Ti, 
Ta, TiN, etc.) to oxidize even that layer. Consequently, the 
electrical resistance of the electrode itself increases. In 
order to avoid such a problem, the thickness of the platinum 
layer is increased. This method, however, makes it difficult 
2 5 to process the platinum layer, and results in an increase in 
leakage current from the side wall of the capacitor. This is 
because the aspect ratio of the capacitor increases if the 
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memory is highly integrated and a fine capacitor is formed. 
And, this is why the (conventional structure 4) cannot solve 
the conventional technology problems if Ti, Ta, TiN, etc. are 
used for an anti-interdif fusion layer. 
5 Next, the (conventional structure 6) will be described. 

Also in this case, the ruthenium oxide layer is usually formed 
in an oxidizing atmosphere. Oxygen diffusion reaches up to 
polycrystalline silicon through the (platinum, ruthenium, 
etc.) layers, preventing the (conventional structure 6) from 
10 solving the conventional technology problems, including the 
one that an insulating layer is formed by oxidation. 

Such conventional technology problems also occur not only 
from the specific materials described above, but also from 
layers consisting of (platinum, ruthenium, etc.) classified 
£5 into noble metals, layers consisting of (Ti, Ta, TiN, etc.) 

classified into an anti-diffusion non-oxide conductive layer, 
and a ruthenium oxide layer classified into a conductive oxide 
^ even when those materials are classified according to more 

general categories. In other words, both (conventional 
2 0 structure 4) and (conventional structure 6) are represented 
using more general material categories, that is, oxide 
dielectric/noble metal/anti-diffusion non-oxide dielectric 
layer/polycrystalline silicon in the (conventional structure 
7) and oxide dielectric/ conductor oxide/noble metal/ 
25 polycrystalline silicon in the (conventional structure 8) . The 
problems caused by each of the above layers which make up the 
above-described capacitor are summarized as follows. 
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At first, a noble metal layer will cause the following 
problems, (a) A noble metal layer will possibly cause a high 
resistance silicide to be formed if it comes in contact with 
silicon, (b) A noble metal layer will possibly become a 
5 diffusion path between chemical elements composing silicon, 
oxygen, and oxide. The problems which arise from oxide 
dielectric and conductive oxide layers will be as follows, 
(c) Such a layer will possibly oxidize the electrodes, thereby 
increasing the electrode resistance or insulating electrodes. 

10 Finally, an anti-diffusion non-oxide conductive layer will 

2 cause the following problem, (d) The layer will possibly be 

oxidized and its resistance will increase significantly. 

If the characteristics of both (conventional structure 7) 
and (conventional structure 8) are considered here, the 

%5 (conventional structure 9) will be considered based on an 

analogy of them. The (conventional structure 9) is obtained 

EO by compounding both of the structures simply. (Conventional 

-fl Structure 9; oxide dielectric/conductive oxide/noble 

metal/anti-diffusion non-oxide conductive layer/ 

20 polycrystalline silicon) 

In this case, if an anti-diffusion non-oxide conductive 
layer is inserted, it is possible. to solve, one of the problems 
a) (silicidation) and (b) (the diffusion of chemical elements 
composing silicon and ox ides) . However, the above problems 

25 (b) , (c) , and (d) related to oxygen diffusion and oxidation of 

electrodes remain unsolved just like the (conventional 
structure 4) , since the conventional indispensable conditions 
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for forming oxides in an oxidizing 
atmosphere are not improved at all. 

In other words, the conventional technology cannot solve 
the problems such as oxygen diffusion and oxidation both 
5 caused by such oxides as oxide dielectrics and conductive 

oxides against such non-oxides as noble metals, anti-diffusion 
non-oxide conductive layers and polycrystalline silicon, not 
only when an oxide comes in contact with polycrystalline 
silicon directly, but also when an oxide comes in contact with 
10 polycrystalline silicon via a noble metal, as well as when an 
2 oxide comes in contact with an anti-diffusion non-oxide 
2 conductive layer via a noble metal. 

As described above, in order to connect an oxide 

'jZ dielectric material to polycrystalline silicon electrically, 

%i = 

15 an anti-oxidation layer must be formed between them. 

Conventionally, there has been no effective anti-oxidation 

CO layer. Instead of such a layer, therefore, a metallic layer 

S consisting of platinum, etc. has been formed between them. 

Unfortunately, oxygen diffuses even at grain boundaries of 

2 0 such a metallic layer, thereby reaching the anti-oxidation 
layer and probably resulting in oxidation of the layer. The 
thickness of the metallic layer was increased in some cases to 
compensate for this disadvantage, but this resulted in an 
increase of the aspect ratio of the capacitor. This method 

25 will thus be undesirable for forming fine-structured memory 
cells. To solve this problem, therefore, a new and effective 
anti-diffusion or anti-oxidation layer has been awaited. 
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Under such circumstances, it is a first object of the 
present invention to provide a semiconductor device, which can 
solve the above conventional technology problems. In order to 
achieve the first object, the semiconductor device of the 
5 present invention is provided with a fine-structured memory, 
which can be highly integrated using an oxide dielectric 
material (including f erroelectrics) for the insulator of the 
capacitor. 

It is a second object of the present invention to provide 
10 a method of manufacturing such a semiconductor device. 
!^ In order to solve the above problems, the semiconductor 

device of the present invention, which includes a capacitor 
consisting of an oxide dielectric layer formed on the top 
f material, connects a semiconductor surface of a semiconductor 
15 substrate or on a substrate to an oxide dielectric material 
fU via at least two layer areas, each of which consists of a 

CO conductive material different from the other. The materials of 

-.0 these two conductor areas (or material compositions) are 
combined thereby suppressing an increase of the electric 
2 0 resistance generated in the conventional technology in the 
anti-diffusion or anti-oxidation layer disposed between a 
semiconductor area and an oxide dielectric material area. 

The semiconductor device of the present invention 
comprises a first area consisting of a semiconductor 
2 5 material which is conductive (wiring layers and electrodes 
consisting of a semiconductor substrate or a semiconductor 
film) ; a second area connected to the first area and 
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consisting of a first conductive material; a third area 
connected to the second area and consisting of a second 
conductive material; a fourth area connected to the third 
area and consisting of an oxide dielectric material; and a 
5 fifth area connected to the fourth area and consisting of 
a conductive material. Thus, the semiconductor device of 
the present invention has characteristics as follows in terms 
of the basic configuration; that is, the material composition 
at the interface adjacent to the second area in the first area 

%Q is approximately equal to the average material composition of 

^fl , .... 

mi the fxrst area, and the material composition at the interface 

3l adjacent to the first area in the second area, as well as the 

1 y 

> material composition at the interface adjacent to the third 

area in the second area are approximately equal to the average 
£5 material composition of the second area, respectively. As 
understood from these characteristics, the third and fifth 
areas form a capacitor via the fourth area. The oxide 
dielectric material which forms the fourth area may be 
replaced with a so-called ferroelectric material indicating a 

2 0 characteristic (hysteresis) that a polarization value is 

changed differently between increasing and decreasing an 
applied electrical field. 

The present invention is characterized mainly as follows: 
The semiconductor is composed so that the first area has a 
25 material composition, which is approximately equal to the 
composition of the semiconductor material which forms the 
first area at the interface adjacent to the second area, and 
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so that the second area has a material composition, which is 
approximately equal to the composition of the first conductive 
material at the interface adjacent to the first area and to 
the third area. In other words, the semiconductor device of 
the present invention is composed so as to make the material 
composition approximately homogeneous within the first and 
second areas, respectively. And, there is no material (silicon 
oxide, metallic silicide, titanium oxide, etc. described 
above) that increases the electrical resistance in those 
areas. The materials that increase the electrical resistance 
as described above or the materials having an electrical . 
insulating property actually (hereunder, to be referred to as 
a high resistance material) are formed around each interface 
between areas in a process in which the second to fourth areas 
are multi-stacked sequentially on the first area. On the 
contrary, according to the semiconductor device of the present 
invention, the first and second conductive materials are 
selected properly so as to prevent the formation of a high- 
resistance material at the interface between the first and 
second areas, as well as at the interface between the second 
and third areas; and further, the first area is formed so that 
its material composition at the interface adjacent to the 
second areas becomes approximately equal to the average 
material composition in the first area, and the second area is 
formed so that its material composition at the interface 
adjacent to the first area, as well as at the interface 
adjacent to the third area become approximately equal to the 
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average material composition in the second area. It will thus 
be understood clearly here that no high resistance materials 
are formed at the interface between the third and fourth areas 
because of the use of a noble metal of the (conventional 
structure 7) or the use of a conductive oxide of the 

(conventional structure 8) in the third area. In addition, an 
area (layer) consisting of a conductive material composed 
differently from the first and second conductive materials may 
be formed between the third and fourth areas; thereby, to 
improve the electrical conductivity needed between the first 
and third areas or improve the conditions for forming an oxide 
in the fourth area. In terms of the same aspect, an area 

(layer) consisting of a conductive material composed 
differently from the first and second conductive materials may 
be formed between the first and second areas. In short, what 
is important is that the second and third areas are connected 
to each other. 

In an embodiment of the present invention, it is most 
important that the first and second conductive materials 
should be selected properly. There are two guidelines for 
selecting conductive materials. The object of the first 
guideline is as follows; two conductive materials are 
conductive oxides composed of the same chemical element and of 
the same framework of the crystal structure. The composition 
ratio of oxygen in the first conductive material is set lower 
than that in the second conductive material. In other words, 
the first conductive material is driven into an oxygen 
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deficiency state. The object of the second guideline is as fol 
lows; aluminum titanium nitride (TiAIN) is used as the first 
conductive material and an anti-oxidation metallic material is 
used as the second conductive material. In any of the 
guidelines, the two conductive materials should preferably be 
selected from those materials having a resistivity which is 10 
mQm (0.01 Qcm) or under respectively. Hereunder, the present 
invention will be described in detail with reference to each 
of the guidelines. In the following description, the first to 
third areas (including a conductive material layer if it is 
provided between the third and fourth areas) will be referred 
to as the lower electrode and the fifth area as the upper 
electrode. 

1. Guideline 1 for selecting conductive materials 

This guideline is directed to formation of the second and 
third areas used as a double-layered conductive oxide layer, 
which can suppress oxygen diffusion and oxidation (the third 
object of the present invention) in order to achieve the 
first object of the present invention, as well as to provide 
a method of manufacturing the double-layered conductive oxide 
layer, which can suppress oxygen diffusion and oxidation (the 
fourth object of the present invention) to achieve the second 
object of the present invention. 

Here, description will be made first concerning the 
structure of a semiconductor device that uses a capacitor 
consisting of an oxide dielectric material, especially the 
structure of a semiconductor device composed of a double- 
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layered conductive oxide layer, etc, including a conductive 
oxide layer with oxygen deficiency. Next, description will be 
made sequentially concerning the characteristics and concrete 
examples of metallic layers, the characteristics, and concrete 
5 examples of anti-diffusion non-oxide conductive layers, and 
concrete examples of oxide dielectric materials. Description 
will also be made concerning the characteristics and concrete 
examples of double-layered conductive oxide layers including a 
conductive oxide layer with oxygen deficiency, respectively, 
10 together with means for achieving the second object of the 
03 present invention described above, that is, a method of 

^ manufacturing a semiconductor device of the present invention. 

fij 

Q The method for achieving the third object of the present 

ffl invention will also described in detail, together with the 

hf method for achieving the first and second objects. The method 
for achieving the fourth object of the present invention will 
^ be described in detail, together with the method for achieving 

the second object. 

Next, description will be made concerning a semiconductor 
2 0 device that will achieve the first object of the present 

invention described above. The semiconductor device of the 
present invention includes a capacitor composed of oxide 
dielectrics used as an insulator. Fig, 1 shows a schematic 
diagram of such a capacitor composed of oxide dielectrics. 
2 5 Fig. 1 does not show a detailed structure of the capacitor of 
the semiconductor device, which is composed of oxide 
dielectrics. It shows multi-stacked layers of the capacitor in 
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order to simplify the structure. An oxide dielectric capacitor 
consists of a lower electrode layer 11 formed on a substrate 
(shown only in the direction of the substrate side 10 in Fig. 
1), an oxide dielectric layer 16 formed on the layer 11, and 
5 an upper electrode layer 17 formed on the layer 16. The lower 
electrode layer 11 includes a conductive oxide layer 12 and 
this conductive oxide layer 12 consists of two adjacent layers 
14 and 15, which have the same crystal structure and consist 
of the same chemical elements. Each of the layers 14 and 15 
M> has a composition ratio of oxygen different from the other. In 
^ other words, only the conductive oxide layer 14 positioned at 
the substrate side has an oxygen deficiency. These conductive 
oxide layers 14 and 15 correspond to the second and third 
areas described above. 

In such a semiconductor device, the lower electrode layer 
^ 11 is connected electrically to the source area or the drain 

'"O area of a MOS transistor formed on the substrate via the lower 

electrode layer component 13 including at least more than one 
layer formed closer to the substrate than the conductive oxide 
2 0 layer 14 with oxygen deficiency. Hereunder, an example of this 
lower electrode layer component 13 will be described in detail 
with reference to Figs. 2, 3 and 4. 

Fig. 2 shows a configuration of an oxide dielectric 
capacitor when the lower electrode layer component 13 which 
2 5 is positioned closer to the substrate than the conductive 

oxide layer 14 with oxygen deficiency in Fig. 1 consists of a 
conductive polycrystalline silicon layer 20. The conductive 
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polycrystalline silicon layer 2 0 mentioned here corresponds to 
the first area described above. A structure in which an oxide 
comes in contact with silicon directly is not favorable as 
described above with respect to the conventional structure, 
5 since silicon is oxidized unavoidably under typically 

necessary conditions for crystallizing the oxide, that is, at 
500 °C or higher in an oxidizing atmosphere. According to the 
present invention, however, the conductive oxide layer 14 with 
oxygen deficiency is formed adjacent to the polycrystalline 
10 silicon layer 20, so that the structure as shown in Fig. 2 is 
%5 realized. The characteristics of the double-layered conductive 

~ i i 

^ oxide layer 12 including the conductive oxide layer 14 with 

s isr 

ip oxygen deficiency will be described later. 

01 Fig. 3 shows the configuration of an oxide dielectric 
hp capacitor when the component 13 forming the lower electrode 
1^ layer consists of a non-oxide conductive layer for anti- 

diffusion 30 and a conductive polycrystalline silicon layer 
20. The lower electrode layer is positioned closer to the 
substrate side than the conductive oxide material 14 with 

2 0 oxygen deficiency as shown in Fig. 1. The anti-diffusion non- 

oxide conductive layer 3 0 corresponds to a layer formed 
between the first and second areas described above. The 
conventional technologies cannot avoid oxidization of the 
anti-diffusion non-oxide conductive layer caused by the oxygen 
25 that diffuses at grain boundaries in a noble metal at 500°C or 
over in an oxidizing atmosphere, even when a noble metal is 
used to separate the oxide from the anti-diffusion non-oxide 
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conductive layer as seen in the (conventional structure 7) • 
Those are typical conditions needed to crystallize an oxide. 
Thus, such a structure which places an oxide in contact 
directly with the anti-diffusion non-oxide conductive layer 3 0 
5 as described above is not suitable. According to the present 
invention, however, when a conductive oxide layer 14 with 
oxygen deficiency is positioned adjacent to the anti-diffusion 
non-oxide conductive layer 30, the structure as shown in Fig. 
3 is realized. The characteristics of the double-layered 

10 conductive oxide layer 12 including the conductive oxide layer 

S 

^ 14 with oxygen deficiency will be described later. 

Fig. 4 shows the configuration of an oxide dielectric 
O capacitor when the component 13 forming the lower electrode 

ffl layer positioned closer to the substrate side than the 

035 conductive oxide material 14 with oxygen deficiency shown in 
1^ Fig. 1 consists of a metallic layer 40, an anti-diffusion non- 

^ oxide conductive layer 30, and a conductive polycrystalline 

silicon layer 20. The metallic layer 40 and the anti-diffusion 
non-oxide conductive layer 30 correspond to a layer formed 
2 0 between the first and second areas described above. The 

conventional technologies cannot avoid oxidization of the 
anti-diffusion non-oxide conductive layer, which is caused by 
oxygen diffusion through the metallic layer 40 at 500°C or 
higher in an oxidizing atmosphere, which are typical 
25 conditions needed to crystallize oxides. In order to suppress 
such oxidization, therefore, the thickness of the metallic 
layer 4 0 must be increased as described above. According to,. 
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the present invention, however, a conductive oxide layer 14 
with oxygen deficiency is positioned adjacent to the metallic 
layer 40. The structure as shown in Fig. 4 is thus realized 
regardless of how thin the metallic layer 40 is. The 
5 characteristics of the double-layered conductive oxide layer 
12 including the conductive oxide layer 14 with oxygen 
deficiency will be described later. 

A noble metal highly resistant to oxidization will be 
considered as a candidate for forming such a metallic layer. 
10 Concretely, among noble metals, at least one of the following 
noble metal elements will be suitable; platinum which is 
highly resistant to oxidization, ruthenium, or iridium 
Q composed of the same element as the noble metal element 
§1 included in the conductive oxide layer to be described later. 

3-5 Hereunder, materials suitable for the anti-diffusion 

non-oxide conductive layer will be described. Necessary 
conditions to satisfy the requirements of the anti-diffusion 
non-oxide conductive layer 3 0 are conductivity at first, then 
resistance to oxidization, and resistance to reaction with 
2 0 silicon. Compounds to be considered as candidates for the 
anti-diffusion non-oxide conductive layer 3 0 are nitride, 
silicide, boride, and carbide. The anti-reaction to silicon is 
stable in any of those compounds. Any of them can be used with 
no problem. Of course, if the object semiconductor device is 
25 annealed at 1000°C or higher, the elements of any of those 
compounds will react to silicon, thereby forming reaction 
products of high resistance or insulation properties possibly. 
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However, a back-end process including the formation of an 
oxide dielectric capacitor for a semiconductor device will 
require only a heating condition of 800° at the highest for a 
few minutes, which will not form such reaction products caused 
5 by mutual diffusion of elements. The reaction to silicon can 

thus be neglected. As for the resistance to oxidization, there 
will arise no problem in the case where the conductive oxide 
layer with oxygen deficiency of the double-layered conductive 
oxide layer is put adjacent to the anti-diffusion non-oxide 
10 conductive layer (Fig. 3) . As will be described later, this is 

^ because the conductive oxide layer with oxygen deficiency must 

ry 

be formed in a non-oxidizing atmosphere and the conductive 
O oxide layer with oxygen 

!01 deficiency functions as an obstacle in the oxygen diffusion 

3 

gQ5 path. In addition, since the conductive oxide layer with 

ki= oxygen deficiency is over-stacked on the anti-diffusion non- 

oxide conductive layer 30 with a metallic layer therebetween 
(Fig. 4) , the anti-diffusion non-oxide conductive layer 3 0 is 
separated farther from the oxide layer. In addition, forming a 

20 metallic layer adjacent to the anti-diffusion non-oxide 

conductive layer has never caused any problem conventionally. 

Hereunder, a concrete example of the anti-diffusion 
non-oxide conductive layer will be described. A nitride 
will be suitable if it Includes at least one of such metal 

2 5 types as Tl, Ta, Z r, Nb, V, and W, since it becomes very 

conductive. In addition to those materials, a slllcide such as 
Tl, a boride such as La, and a carbide such as Tl, will also 



20 



be suitable. 

Next, materials suitable for an oxide dielectric layer 
will be described. Ferroelectric materials are also oxide 
dielectric materials, of course. There is no reason to limit 
5 the materials. There are some well-known materials as shown 

below, however. Typical examples of oxide dielectrics of which 
the center element is titanium are; lead zirconate titanate 
obtained by replacing part or all of the titanium with 
zirconium, lead barium zirconate titanate obtained by 
1^ replacing part or whole of the lead with barium, and barium 

^ strontium titanate including only alkaline earth metals, etc. 

= y 

As typical examples of bismuth-system dielectrics composed in 
S3 a layered structure, there are bismuth layered dielectrics 
d such as Bi4Ti30i2, SrBi2Ta209, etc. 

^ In addition to those well-known oxide dielectrics and 

oxide f erroelectrics , new oxide dielectrics and oxide 
f erroelectrics to be discovered in the future, etc. are usable 
as the -^oxide dielectric layer described above. 

Next, the characteristics of the double-layered 

2 0 conductive oxide layer 12 including a conductive oxide layer 
with oxygen deficiency will be described, as mentioned in the 
description of the structures shown in Figs. 2 to 4 . Here, 
description will be made for the structure, function, and 
manufacturing method of the double-layered conductive oxide 

2 5 layer in order to achieve the method of manufacturing the 
semiconductor device, which is the second object of the 
present invention, the function of the double-layered 
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conductive oxide layer that can suppress oxygen diffusion and 
oxidation, which is the third object of the present invention, 
and the method of manufacturing the double-layered conductive 
oxide layer, which is the fourth object of the present 
invention. 

As described above, it is the oxidizing of the anti- 
diffusion non-oxide conductive layer and polycrystalline 
silicon that are already stacked that creates a problem when 
forming an oxide layer for dielectrics and electrodes. The 
oxidation is caused by an oxidizing atmosphere, which is 
indispensable for forming oxide layers. What must be 
emphasized here is that the problem is not due to a reaction 
between oxide and silicon or between oxide and an anti- 
diffusion non-oxide conductive layer. In terms of the standard 
Gibbs free energy, oxides composed of alkari earthmetals such 
as Sr and Ca, and transition elements such as Ru and Ti are 
more stable than oxidation of Si. An anti-diffusion non-oxide 
conductive layer composed of nitride, silicide, boride, and 
carbide of transition metals cannot be expected to be oxidized 
through reaction with an oxide in terms of the free energy. If 
anything, they are all oxidized by an oxidizing active gas in 
the atmosphere needed for forming an oxide layer. 
Consequently, the present inventor has concluded that the 
above problems can be solved if an oxide layer is formed in a 
non-oxidizing atmosphere in expectation that the other 
elements which make up the semiconductor device of the present 
invention would not be oxidized. 



Generally, the oxide dielectrics (including 
f erroelectrics) forming an oxide dielectric-capacitor and 
oxide films such as conductive oxide electrodes are formed 
in an oxidizing atmosphere. This is mainly because oxides 
are unstable chemically in a non-oxidizing atmosphere and 
no oxide film is formed or even when it is formed, its 
characteristics are not satisfactory. Because the vapor 
pressure of typical elements is high, film formation under 
an insufficient oxidizing condition surely causes selective 
evaporation, that is, a variation in composition in oxide 
f erroelectrics including group-4 and group-5 typical elements 
such as lead and bismuth. At the same time, since decomposed 
products other than object compounds also come to be mixed, 
the ferroelectric properties are degraded significantly. In 
addition, the non-oxidizing atmosphere causes oxygen 
deficiency in the object compound. In the case of oxide 
dielectrics including group-4 transition elements such as 
titanium and zirconium, oxygen deficiency will cause the 
dielectric constant to be lowered, which causes a leakage 
current to flow. Consequently, it is not realistic to form 
an oxide dielectric film in a non-oxidizing atmosphere. 

As for another oxide for forming oxide dielectric 
capacitors, that is, conductive oxide electrodes, it was 
expected that films could be formed in a non-oxidizing 
atmosphere as long as this does not affect the characteristics 
of electrodes or the object semiconductor device even when 
oxygen deficiency was introduced into compounds and 



simultaneously decomposed products were mixed while the films 
were formed in a non-oxidizing atmosphere. In other words, the 
oxygen deficiency reduces or increases the charge density, as 
well as changes its mobility, thereby increasing its 
resistivity. However, no problem arises as long as the 
resistivity required for the electrode layer is secured. 
Forming films in a non-oxidizing atmosphere will also create 
no problem as long as the resistance required for the 
electrode layer is secured even when the resistivity is 
increased by coexistence of some decomposed products. 

The component 13 of the lower electrode layer adjacent 
to the conductive oxide layer 12 in Fig. 1, corresponds to 
the polycrystalline silicon layer 20 in Fig. 2, the anti- 
diffusion non-oxide conductive layer 30 in Fig. 3, and the 
anti-diffusion non-oxide conductive layer 3 0 through the 
metallic layer 4 0 in Fig. 4, respectively. In order to 
prevent those layers from oxidizing, the present inventor 
thought it would be better to form the side 14 at which the 
conductive oxide layer 12 was adjacent to the component 13 
(20, 3 0 and 40) of the lower electrode layer in a non- 
oxidizing atmosphere. The layer 14 was thus formed up to a 
certain thickness. And, the rest of the layer 15 of the 
conductive oxide layer 12 was formed continuously in an 
oxidizing atmosphere by changing the oxidizing activity of 
only the film deposition conditions, such as the oxygen 
pressure and the type of the oxidizing gas. In other words, 
the conductive oxide layer 12 is composed of two adjacent 



layers 14 and 15, and these two layers are formed to have the 
same crystal structure and of the same element, but 
differently from each other in the composition ratio of 
oxygen. Only the layer 14 of the two adjacent layers includes 
an oxygen deficiency. The layer 14 is positioned at the 
component 13 side of the lower electrode layer, that is, at 
the substrate side. 

Since the conductive oxide layer 14 is formed in a non- 
oxidizing atmosphere, the adjacent lower electrode layer 
component 13 (polycrystalline silicon layer 20, the 
anti-diffusion non-oxide conductive layer 30, and the 
metallic layer 40) is not oxidized. The conductive oxide 
layer 14 with oxygen deficiency, after it is formed once, 
is stable in terms of the standard Gibbs free energy. Then, 
the component 13 (20, 30, and 40) of the lower electrode 
layer is also not oxidized. And, as shown in Fig. 4, even 
when a metallic layer 4 0 is inserted therebetween, the 
anti-diffusion non-oxide conductive layer 30 is never oxidized 
by oxygen diffusion, so that the thickness can be reduced as 
much as possible. 

After the formation of the conductive oxide layer 14 
with oxygen deficiency, the conductive oxide layer 15 and 
the oxide dielectric layer 16 are formed in an oxidizing 
atmosphere. If the conductive oxide layer 14 includes an 
oxygen deficiency, the layer 14 acts as a diffusion buffer 
layer against oxygen even when those layers 15 and 16 are 
formed in an oxidizing atmosphere. In other words, even when 



the surface of the conductive oxide layer 14 with oxygen 
deficiency is exposed to an oxidizing gas, the layer 14 acts 
as a buffer layer against the oxygen diffusion ions, and 
captures diffusing oxygen ions as well. Since the conductive 
oxide layer 14 itself is stable in terms of the standard Gibbs 
free energy, the layer 14 acts as an anti-oxidation layer for 
the component 13 (20, 30, and 40) of the lower electrode 
layer. 

Consequently, the double- layered conductive oxide layer 
including a conductive oxide layer with oxygen deficiency, 
which is formed in a non-oxidizing atmosphere , acts as an 
excellent oxidation resistant film and an oxygen diffusion 
barrier layer . 

The thickness of the conductive oxide layer 14 (with 
oxygen deficiency) , which is formed in a non-oxidizing 
atmosphere, should preferably be lOnm or larger. The reason is 
that the component 13 (20, 30, and 40) of the lower 
electrode layer is completely covered so as to be prevented 
from oxidizing when the conductive oxide layer 15 and the 
oxide dielectric layer 16 are formed in an oxidizing 
atmosphere. The upper limit, is not determined specially for 
the thickness. All of the conductive oxide layers 12 may be 
composed of a conductive oxide layer 14 (with oxygen 
deficiency) which is formed in a non-oxidizing atmosphere. 
In this case, however, since the following oxide dielectric 
layer 16 is formed off course in an oxidizing atmosphere, 
the interface of conductive oxide layer 14 adjacent to the 
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oxide dielectric layer 16 is oxidized. Consequently, a thin 
layer 15 is formed at the interface. The double-layered 
conductive oxide layer 12 can thus be formed - 

Hereunder, a non-oxidizing atmosphere will be described 
5 with respect to a method for manufacturing the double-layered 
conductive oxide layer. A one type of non-oxidizing atmosphere 
is an atmosphere including a hydrogen gas and a reducing gas. 
In such a reducing atmosphere, however, much oxygen is taken 
out while an oxide film is grown in the film deposition 
10 process. The film is thus possibly reduced to a metal, A 
%0 milder non-oxidizing atmosphere is an inactive gas atmosphere 
that uses inert gases such as argon and helium, or a vacuum 
into which none of oxidizing gases such as oxygen (O2) , nitride 
ffi monoxide (N2O) , nitric dioxide (NO2) , ozone (O2) , etc. is 
U introduced intentionally. If the component 13 of the lower 

n J i 

electrode layer is assumed to be an anti-diffusion non-oxide 
conductive layer 3 0 (or a metallic layer 40) and a conductive 

^ oxide layer to be formed is more reactive to oxygen than the 

anti-diffusion non-oxide conductive layer 30, it can apply a 

20 weak oxidizing atmosphere including oxidizing gases such as 
oxygen, nitrogen monoxide, nitrogen dioxide and ozone, etc. 
slightly. In other words, as described in the conventional 
technologies, there is a greater possibility that the anti- 
diffusion non-oxide conductive layer is oxidized in a 

2 5 remarkable oxidizing atmosphere. In the atmosphere including a 
slight oxidizing gas, the anti-diffusion non-oxide conductive 
layer is not oxidized while a conductive oxide layer with 
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oxygen deficiency can be formed. This is because an energy 
barrier for oxidation exists between the anti-diffusion 
non-oxide conductive layer in which compounds are already 
formed and the conductive oxide layer • 
5 Concretely, the condition of a non-oxidizing atmosphere 

depends on respective film deposition methods with which a 
conductive oxide layer is formed. At first, when an oxide film 
is formed in an inert gas or inactive gas atmosphere or in a 
vacuum, no oxygen is supplied from the growth environment. The 
10 film deposition source must include oxygen. This film 

deposition category includes a sputtering method, a laser 
'5 deposition method, both of which use a sintered oxide target, 

^ an electron beam evaporation method that uses an oxide 

% evaporation source, etc. Since the sputtering method needs a 

%3 discharge gas, introduction of argon (Ar) gas of 3N (99.9%) or 
up in purity by a few mTorr to a few tens of mTorr will do. It 
should be avoided, however, to use a gas of low purity, since 
such a gas brings about an unexpected result such as unstable 
discharge, precipitation of impurity phases, etc. The laser 
2 0 deposition method can form oxide films in a vacuum. Of course, 
no problem will occur if any of the inert gases are used just 
like in the sputtering method, but it makes no sense 
principally. Films can also be formed by an electron beam 
deposition method that uses an oxide evaporation source. The 
25 vacuum mentioned here is a state achieved by any of the known 
evacuation devices without introducing oxidizing gases such as 
oxygen, nitrogen monoxide, nitrogen dioxide, ozone, etc. 
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intentionally. The pressure should preferably be IfiTorT or 
under in terms of the non-oxidizing atmosphere in both laser 
deposition and electron beam deposition methods. 

Each of the film deposition methods described above 
5 can be applied to form an oxide film on the anti-diffusion 
non-oxide conductive layer (including a case when the layer 
is formed via a metallic layer) in a weak oxidizing atmosphere 
including oxidizing gases such as oxygen, nitrogen monoxide, 
nitrogen dioxide, ozone, etc. slightly. The sputtering method 
10 is just required to include an oxidizing gas used as a 

discharge gas. The laser deposition method is just required to 

; y 

^ include an oxidizing gas. The electron beam deposition method, 

Q when used in a vacuum, can use only an oxide as an evaporation 
J source. When it is used in a weak oxidizing atmosphere, 

%3 however, it can also use a metal evaporation source. 

Consequently, the method can use a heater such as an effusion 
cell (K cell) as a heating source in addition to the electron 
beam. The pressure should preferably be 10 /Lttorr or lower in 
total pressure or partial pressure of the oxidizing gas in use 
2 0 in terms of the non-oxidizing atmosphere in any of the 

sputtering method, the laser deposition method, and other 
deposition methods that use an electron beam and a heater. 

On the basis of the ideas described above, the 
following results have been obtained when checking the 
2 5 conductive oxides that can satisfy the conditions with 

respect to the rutile structure, the perovskite structure, 
and the Re03 structure in which many conductive oxides are 
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known: (a) The resistivity in the room temperature is 0.01 
Qcm or lower, (b) Possible to be stabilized in a non- 
oxidizing atmosphere and under typical conditions (oxygen 
pressure of 1 /iTorr and temperature of VOO^'C. 

In order to satisfy the above requirement (b) , it is 
not desirable that a conductive oxide is composed of a multi- 
valent ion, such as a positive center cation. Consequently, 
conductive oxides including Cr, Mn, Fe, Co, Ni, Cu, and V are 
excluded. 

There are two conductive oxides that crystallized in 
the rutile structure; RUO2 and IrOj. 

There are three conductive oxides that crystallized in 
the perovskite structure: CaRu03 and SrR03 whose center element 
is Ru (ruthenium) , and (La, Sr) TiOa in which part of Sr of 
SrTiOs whose center element is Ti (Titanium) is replaced with 
La by over 0.5 weight % to 4.0 weight % (included) in 
quantity. 

ReOa is another conductive oxide that takes the Re03 
structure . 

When forming a conductive oxide in a non-oxidizing 
atmosphere, oxygen deficiency is introduced as described 
above. In the thermal equilibrium state, only a slight oxygen 
deficiency of 0.1% or lower is introduced as a point defect, 
but film deposition is often carried out in a non-equilibrium 
state. Thus, an extra oxygen defect is easily frozen 
excessively unlike in the thermal equilibrium state. It is 
very difficult, however, even with the current analysis 



technique to measure an oxygen defect concentration specific 
to films. Actually, it is impossible to define an oxygen 
defect concentration with an accurate value. On the other 
hand, no remarkable impurity was identified when a crystal 
5 structure of the film which was deposited in a non-oxidizing 
atmosphere was analyzed by an X-ray dif f ractometer . The 
stoichimetry of cations could be confirmed in the 
compositional analysis using the ICPS ( induct ivity-coupled 
Plasma Spectroscopy) . At this time, the resistivity increased 
by almost 10% in maximum compared to deposition of the same 
films in an oxidizing atmosphere. This suggests that an oxygen 



deficiency is surely introduced. 

m 

^ A film formed in a non-oxidizing atmosphere will be 

01 defined concretely as follows on a condition that the 

© permissible oxygen deficiency allows an objective structure 

lU 

H to be kept stable. For the rutile structure, it is defined 

CO 

^ that an oxygen deficiency x is larger than 0 and smaller than 

^ a value that enables the rutile structure to be kept stable 

in the chemical formula MOj.x with oxygen deficiency in which 

2 0 both Ru and Ir transition elements are represented by M. For 

the perovskite structure, it is defined that the oxygen 
deficiency x is larger than 0 and smaller than a value (upper 
limit value) that enables the perovskite structure to be 
kept stable in the chemical formula AMO^.y: with oxygen 
2 5 deficiency in which both Ru and Ti transition elements are 

represented by M, and Ca, Sr, and La elements are represented 
by A, respectively. At this time, even when an anti-site 
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defect is introduced between cations due to the introduced 
oxygen deficiency, such that the lattice constant becomes 
larger than the standard bulk value, the basic framework is 
judged to be still within the category of the perovskite 
5 structure. For the ReOg structure, it is defined that the 

oxygen deficiency x is larger than 0 and smaller than a value 
that enables the ReOs structure to be kept stable in the 
chemical formula MO3.X with oxygen deficiency. 

The introduction of oxygen deficiency causes the 
10 resistivity of the conductive oxide to be increased by 
^ almost 10% in maximum, but the conductive oxide is kept low 

^ in resistivity sufficient to be used as electrodes. For 

fS example, the resistivity was increased by almost 10% in 

J SrRu03.x/ t>ut the resistivity was as small as a few mQcm as an 

1j5 absolute value. In IrOa-x/ RuOs-x/ and Re03_x/ the resistivity was 

increased only to about double in maximum. In other words, it 
W was confirmed that the conductive oxides could keep a 

resistivity sufficient to be used for electrodes even when the 
conductive oxides described above were formed in a non- 
20 oxidizing atmosphere. 

A possibility of coexistence of decomposed products was 
as described above when a conductive oxide was formed in a 
non-oxidizing atmosphere. Both RUO2 and IrOa in rutile 
structures, as well as the Re03 are a monoxide respectively and 
2 5 each of those structures includes only one type of transition 
element. There is thus no fear that they are decomposed 
thereby to produce other compounds. On the other hand, the 
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perovskite structure expressed by AMO3 is a complex oxide which 
consists of an element M consisting of transition elements and 
an element A consisting mainly of alkaline-earth metals. It is 
thus possible that decomposed products coexist at a high 
5 temperature of about 700°C in a non-oxidizing atmosphere. 

Actually, when Ca was included as an alkaline-earth metal, it 
was confirmed by an X-ray dif f ractometer that about a few % 
CaO existed as a decomposed product. Even when Sr was 
included, SrO was observed as a decomposed product in a 
10 stronger non-oxidizing atmosphere, that is, at a higher 
temperature and at a lower pressure. In any of the cases 

ru 

described above, therefore, it was recognized that nothing 
Q affected the resistivity at room temperature. It was concluded 
ryi from this result that highly resistant decomposed products 
^ were distributed and coexisted in a conductive oxide, so that 
12 a current was caused to flow in a lower objective conductive 

oxide. 

JSS. 

At a lower temperature than room temperature, a metallic 
conduction was observed, where the resistivity was decreased 

2 0 as the temperature was decreased if there was no decomposed 
product. If decomposed products coexisted, a conduction that 
caused the resistivity to be increased, was observed. It was 
concluded from this result that the increase of the 
resistivity was caused by the conduction characteristics of 

2 5 decomposed products segregated along grain boundaries in a 
microscopic fashion. 

In any of the cases described above, at the room 
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temperature or above, the increase of the resistivity caused 
by 

coexistence of decomposed products was within an allowable 
range for conductive oxide layers or semiconductor devices 
that used conductive oxide layers. In other words, each of the 
conductive oxides that take the perosvkite structure may be a 
mixed phase of CARUO3, SrRu03, and (La, Sr) Ti03 in which a 
part of Sr of SrTi03 is replaced with La by over 0.5 to 4.0 
weight% (included) , and an alkaline earthmetal oxide CaO 
or SrO composing the subject oxide. 

Description has been made so far of a means for 
achieving the first object of the present invention, that 
is the characteristics of a semiconductor device, using 
oxide dielectrics as a capacitor insulator and a double- 
layered conductive oxide layer as an electrode element, as 
well as for the means for achieving the second object of the 
present invention, that is, a method of forming the double- 
layered conductive oxide layer, selected from the methods of 
manufacturing such a semiconductor device, and for the means 
for achieving the third object of the present invention, that 
is, the characteristics of the double-layered conductive oxide 
layer ttiat can suppress oxygen diffusion and oxidation, and 
for the means for achieving the fourth object of the present 
invention, that is, a method of forming the double-layered 
conductive oxide layer . 

Finally, description will be made of means for achieving 
the second object of the present invention, that is, a method 



of manufacturing such a semiconductor device. The method of 
manufacturing the semiconductor device of the present 
invention includes processes for forming a lower electrode 
layer on a substrate as described above with reference to 
Figs. 1 to 4 . The lower electrode layer consists of a 
polycrystalline silicon layer, a non-oxide conductive layer 
for anti-diffusion, a metallic layer, and a double-layered 
conductive oxide layer. Usually, a polycrystalline silicon 
layer is formed using chemical vapor deposition- The non-oxide 
conductive layer for anti-diffusion is formed using a 
sputtering method, a vacuum deposition method, and a CVD 
method. The metallic layer is formed using a sputtering 
method. However, the methods for forming those layers are just 
examples and they are not limited for modification specially. 
How to form the double-layered conductive oxide layer is as 
described above in detail. The compound of each layer for 
composing the lower electrode is also as described above in 
detail. 

In order to form an oxide dielectric capacitor in which 
an oxide dielectric layer is positioned between the upper and 
lower electrode layers, an oxide dielectric layer is formed on 
this lower electrode layer, then the upper electrode layer 
is formed on the oxide dielectric layer. Concrete compounds 
used for forming the oxide dielectric layer are as described 
above in detail. The sol-gel method with use of alkoxide, 
the vacuum deposition method, the chemical vapor deposition 
method, the sputtering method, etc. can be used to form the 



oxide dielectric layer. The methods are not limited only to 
those specially identified. The upper electrode layer should 
preferably be formed with the same conductive oxide as that 
of the lower electrode layer if the symmetry of the current- 
voltage characteristics of the dielectric capacitor, as well 
as the symmetry of the polarization hysteresis curve 
of the ferroelectric capacitor are considered to be 
important. However, the semiconductor device will work as 
expected even if the conductive oxide and a noble metal such 
as platinum, ruthenium, and iridium are different between 
the upper and lower electrode layers. The upper electrode 
layer can be formed by any of sputtering, vacuum deposition, 
sol-gel, and chemical vapor deposition methods. The film 
deposition method is not limited only to those specially 
provided even when a noble metal is used for forming the upper 
electrode layer. 

Before the oxide dielectric capacitor, that is, the 
lower electrode layer is formed, part of a MOS transistor 
is formed on the substrate. The source area or the drain 
area of the MOS transistor is connected electrically to the 
lower electrode layer through the conductive material 
filled in the contact holes formed through the insulator, 
which covers the semiconductor substrate on which the MOS 
transistor itself is formed. Polycrystalline silicon 
formed using the chemical vapor deposition method is often 
used as the conductive material filled in these contact holes. 
The polycrystalline silicon deposition method and the filling 
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material are not limited only those specially mentioned. 
2. Guideline 2 for Selecting Conductive Materials 

This guideline is determined to achieve the first and 
second objects of the present invention, especially on the 
5 basis of the configuration of (the conventional technology 
7) . 

In order to achieve the first object of the present 
invention, the semiconductor device of the present invention 
is provided with oxide dielectric capacitors formed on a 

10 semiconductor substrate. The capacitor consists of a lower 

Q 

electrode layer including an aluminum titanium nitride layer, 
an oxide dielectric layer formed on the aluminum titanium 
Q nitride layer, and an upper electrode layer formed on the 
yi oxide dielectric layer. Figs. 5 and 6 show two typical cross 

Sp sectional views of the lower electrode layer. Figs. 5 and 6 do 
not show any detailed structure of the oxide dielectric 
capacitor provided in the semiconductor device of the present 
invention, but they show simplified views of how each layer of 
the capacitor is stacked. 
2 0 In Fig. 5, the lower electrode layer 11 consists of the 

aluminum titanium nitride layer 50 formed on the 
polycrystalline silicon layer 20, and the metallic layer 40 
formed on the layer 50. The conductive polycrystalline silicon 
layer 2 0 corresponds to the first area described above in the 
2 5 concept of the semiconductor device. The aluminum titanium 
nitride layer 50 corresponds to the second area described 
above in the concept of the semiconductor device. The metallic 
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layer 40 corresponds to the third area described above in the 
concept of the semiconductor device. In Fig. 6, a conductive 
oxide layer 60 is stacked on the component of the lower 
electrode layer 11 shown in Fig. 5. This conductive oxide 
5 layer 60 corresponds to an area provided between the third and 
fourth areas described* above in the concept of the 
semiconductor device. 

The lower electrode layer 11 is also connected 
electrically to a predetermined area of the semiconductor 
10 element formed on the substrate, for example, the source or 
^ drain area of a MOS transistor. 

Hereunder, the function of the aluminum titanium nitride 
Q layer 50 used for preventing oxygen diffusion and oxidation 

ff\ will be described. As provided in the conventional 
gjS technologies, the titanium nitride layer used as a layer for 

fil 

preventing oxygen diffusion and oxidation, which has been 

:: I 3 

examined so far, is weak in anti-reaction to oxygen. And, in 
^ order to compensate this weak point of the titanium nitride 

layer, it is indispensable to put a metallic layer made of 
20 platinum, etc. therebetween. A platinum layer of about 200nm 
in thickness is also needed to secure a time of oxygen 
diffusion at grain boundaries in the platinum. On the other 
hand, the titanium nitride layer still has an attraction, 
since it acts to prevent oxidization to a certain level while 
25 it keeps a high conductivity. This is why aluminum is added to 
titanium nitride to obtain a remarkable resistance to 
oxidization. The resistance was found as a result of 
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examination for the possibility of improvement of the 
resistance to oxidization by adding the second metallic 
element to titanium nitride. 

The reaction of a nitride to oxidization, thereby to 
5 be changed into an oxide, is considered to be a reaction to 
substitute oxygen with nitrogen in the nitride. In other 
words, it may be considered that the height of the energy 
barrier between the nitride and the oxide dominates this 
substitution gualitatively . In the aluminum titanium nitride 
O obtained by the present invention, the improvement of the 
anti-reaction to oxygen is considered to be caused by this 
heightened energy barrier. Regardless of this chemical 
background, however, it was found that the aluminum titanium 
nitride could function sufficiently as an anti-oxidizing layer 
if part of the titanium in the titanium nitride is replaced 
with aluminum. In terms of this anti-oxidizing property, if 
'2 the chemical formula of the aluminum titanium nitride was 

expressed by (Ti^.^Al^) i.yN7 , x should preferably be 0 . 2 or 
above and y should preferably be 0.4 or above. If x is smaller 
20 than 0.2, the anti-oxidizing property is not improved at all. 
If y is smaller than 0.4, TiOs produced by oxidization is 
observed in an X-ray diffraction measurement. 

Aluminum nitride is a high resistant material. If part of 
the titanium is replaced with aluminum, the resistivity 
25 increases. If such aluminum titanium is to be used for each 
electrode of a semiconductor device, the resistivity should 
preferably be lOmQcm or under. Consequently, if aluminum 
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titanium nitride is represented by a chemical formula of 
Tii.^Alx) i-yNy, X should preferably be 0.5 or below and y 
should preferably be between 0.4 and 0.6. If an impurity 
phase is precipitated, the material becomes non-homogeneous in 
the electrode, and thereby the forming of fine- integrated 
memory cells is disabled. In order to avoid this, the x value 
should preferably be 0.6 or below and the y value should 
preferably be 0.2 or above, and 0.6 or below. 

In conclusion, the x value should preferably be 0.2 or 
above, and 0.5 or below and the y value should preferably 
be 0.4 or above, and 0.6 or below in the aluminum titanium 
nitride expressed by a chemical formula of Tii^^Al^) i.7Ny . 

Another requirement for the aluminum titanium nitride 
layer, that is, the property of anti-diffusion is expected 
to be equivalent to that in the titanium nitride layer, since 
the structure of titanium nitride which is a mother compound 
is maintained, intrinsically. Thus, no problem is found 
specially from the layer. 

The metallic layer 4 0 covering the aluminum titanium 
nitride layer shown in Figs. 5 and 6 should preferably be at 
least one of the noble metals which has excellent anti- 
oxidizing properties, that is, platinum, iridium, and 
ruthenium. For the conventional structure in which the anti- 
oxidizing layer is made of titanium nitride, the metallic 
layer had to be about 2 00nm in thickness. For the aluminum 
titanium nitride layer of the present invention, the 
resistance to oxidization is already improved. For example, 



3 0nin will do as the thickness of the metallic layer as long as 
the layer can cover the surface of the aluminum titanium 
nitride layer completely. 

For the structure shown in Fig. 5, an oxide dielectric 
5 layer 16 is formed on the metallic layer 40. However, a 

conductive oxide layer 60 may be inserted between the oxide 
dielectric layer 16 and the metallic layer 4 0 as a component 
of the lower electrode layer. The conditions for forming 
a conductive oxide layer in an oxidizing atmosphere are 
10 usually the same as those of forming an oxide dielectric 
^ layer. Thus, it may be considered that the resistance to 

i Ls 

:P oxidization required for the aluminum titanium nitride 

O layer is also the same. Since such a conductive oxide layer 

=4=; 

ipl can improve the contact property at each interface with a 
^ metallic layer, if it includes the same elements of a noble 

H ij 

metal as those of the metallic layer, it should preferably 

W 

^ be at least one of IrOa, RUO2, SrRuOg, and Re03. 

Hereunder, preferred materials for the oxide dielectric 
layer 16 will be described. There is no reason to limit the 

2 0 materials for the layer 16 specially. The following materials 
usable for the layer 16 are well known. Typical examples of 
oxide dielectrics whose center element is titanium are lead 
zirconate titanate obtained by replacing part or all of the 
titanium with zirconium, lead barium zirconate titanate 

2 5 obtained by replacing part or all of the lead with barium, 

barium strontium titanate including only alkalline-earth metal 
elements, etc. As typical examples of bismuth dielectrics with 
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a layered structure, there are bismuth layered dielectrics 
such as Bi4Ti30i2, SrBiaTasOg, etc. In addition to those 
examples, other well-known oxide dielectrics, oxide 
f erroelectrics, and new oxide dielectrics and oxide 
5 f erroelectrics to be discovered in the future are all usable 
as the oxide dielectric layer described above. 

The upper electrode layer 17 maybe any material if 
it is conductive. The materials are not limited only to metals 
and oxides. Each of the noble metals described above (in the 

10 example of the metallic layer 40 provided in the lower 

C3 

^0 electrode layer) is usable. Each of the oxides described 

ft I 

£ above (in the example of the conductive oxide layer 60 

111 

Q provided in the lower electrode layer) is usable. The 

Q-l materials of the upper electrode layer 17 are not limited 

only to those specially mentioned. 

- iJ 

Next, description will be made of a method of 
^ manufacturing the semiconductor device of the present 

invention in order to achieve the second object described 
above. The method of manufacturing the semiconductor^ device of 
2 0 the present invention includes a process for forming the lower 
electrode layer including an anti-diffusion and anti-oxidation 
layer of aluminum titanium nitride which is formed in a 
nitriding atmosphere using the sputtering method. Various 
types of sputtering targets are usable; for example, a 
25 metallic target consisting of a titanium aluminum alloy, a 
composite-target obtained by putting an aluminum metal or 
aluminum nitride on a titanium target, a composite-target 
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obtained by putting a titanium metal or a titanium nitride on 
an aluminum target, a dual target consisting of a titanium 
target and an aluminum target and spattered simultaneously, a 
nitride target consisting of an aluminum titanium nitride, a 
composite-target obtained by putting an aluminum metal or an 
aluminum nitride on a titanium nitride target, a composite- 
target obtained by putting a titanium metal or a titanium 
nitride on a aluminum nitride target, a dual target consisting 
of an aluminum nitride target and a titanium nitride target 
separately and so as to be sputtered simultaneously, may be 
employed. Any of DC and AC can be used for the sputtering 
discharge. If an aluminum nitride whose resistance is large is 
used as a target, however, an RF discharging is required. 

At least, a discharge gas and a nitrogen gas must be 
included in the atmosphere used for forming an anti-diffusion 
and anti-oxidation layer of aluminum titanium nitride. An 
inert gas can be used as a discharge gas. However, usually an 
argon gas is used in consideration of economy. A nitrogen gas 
is included in the discharge gas by 10 to 90 mole%, since it 
requires sufficient nitridation and a high through-put (high 
deposition rate) . If there is no restriction for both the 
semiconductor device and the environment, a few present 
ammonia gas may be included thereby to accelerate nitridation 
and suppress oxidation. 

The temperature should preferably be above room 
temperature to 600°C (included) when an aluminum titanium 
nitride anti-diffusion and an anti-oxidation layer are to 



be formed with the sputtering method. Of course, room 
temperature does not mean that samples are kept in the room 
temperature, but it means that the samples should not be 
cooled or heated specially. Natural rising of the temperature 
should be allowed during the sputtering. When a sample was 
formed at a temperature above 600°C in a heating process, it 
was observed by an X-ray diffraction measurement that an 
aluminum nitride (AIN) was generated separately from the 
sample . 

Furthermore, in order to achieve the second object 
described above, the method of manufacturing the semiconductor 
device of the present invention includes a process for 
completing the lower electrode layer by stacking a metal 
layer, or a metal layer and a conductive oxide layer 
sequentially on an anti-diffusion and anti-oxidation layer of 
aluminum titanium nitride. On this lower electrode layer, an 
oxide dielectric layer is formed. Then, the upper electrode 
layer is stacked thereon so that an oxide dielectric capacitor 
is formed in a structure so that the oxide dielectric layer is 
positioned between the upper and lower electrode layers. The 
metallic layer may be formed with any sputtering method, 
vacuum evaporation method, etc. As for the conductive oxide 
layer and the oxide dielectric layer, the sputtering method, 
the reactive evaporation method, the laser ablation method, 
the chemical vapor deposition method, the sol-gel method, etc. 
are usable. The method is not limited specially. The upper 
electrode layer may also be formed with any of those methods. 



Before the oxide dielectric capacitor, that is, the lower 
electrode layer is formed, part of a MOS transistor is formed 
on the substrate. The lower electrode layer is connected 
electrically to the source area or the drain area of this MOS 
transistor through the conductive material filled in the 
contact holes perforated in the insulator, which covers the 
semiconductor substrate on which the MOS transistor itself is 
formed. Polycrystalline silicon formed using the chemical 
vapor deposition method is often used as the conductive 
material filled in these contact holes. The forming method and 
the filling material are not limited specially. 
3 . Characteristics of the Semiconductor Device of the 
Present Invention 

The semiconductor device to be realized by an embodiment 
of the present invention on the basis of the above 
two guidelines for selecting conductive materials will have 
the following characteristics. 

The semiconductor device of the present invention is 
provided with a first area (a semiconductor substrate or a 
semiconductor film, etc.) consisting of a conductive 
semiconductor material, a second area connected to the first 
area and consisting of the first conductive material, a third 
area connected to the second area and consisting of the second 
conductive material, a fourth area connected to the third area 
and consisting of an oxide dielectric, and a fifth area 
connected to the fourth area and consisting of a conductive 
material. And, the average resistivity of the first area is 



almost equal to the resistivity of the semiconductor material 
composing the first area and the average resistivity of the 
second area is almost equal to the resistivity of the first 
conductive material composing the second area. Such 
5 characteristics mean that the respective electric resistances 
of the first to third areas are determined uniquely by the 
resistivity of the semiconductor material or the conductive 
material used for forming each of those areas, as well as by 
the length of the current path in each of those areas (or the 
10 thickness of each of those areas, if it is stacked 
iO vertically) . In other words, the embodiment of the present 

ru 

£ invention can avoid the forming of a high resistant material 
Q almost completely in the first area or second area, which has 
ffl been a problem of the conventional technology. And 
^ accordingly, it is possible to suppress an increase of the 

electrical resistance in those areas, as well as enabling the 
average resistivity in the current path from the first area to 

■ 

*^ the third area to be set to 0.01 Qcm or below. 

Consequently, according to the present invention, when 

2 0 both the oxide dielectric layer and the conductive oxide layer 
are formed, memory cells can be formed without oxidizing the 
polycrystalline silicon layer adjacent to both the oxide 
dielectric layer and the conductive oxide layer, as well as 
the anti-diffusion non-oxide conductive layer consisting of a 

2 5 nitride, etc. Consequently, it becomes possible to reduce both 
the interfacial resistance and the contact resistance of each 
electrode, obtaining a semiconductor device provided with 
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fine-structured memory cells, suitable for high integration. 
In addition, the semiconductor device of the present invention 
can omit a process for forming a metallic layer of 2 00nm or 
over in thickness consisting of platinum and the like as an 
5 anti-oxidizing layer, and it can reduce the total thickness 
and the aspect ratio of the capacitor by thinning the lower 
electrode layer. It is thus possible for the present invention 
to obtain a semiconductor device provided with fined- 
structured memory cells to be formed through a fine-patterned 
process of the submicron region, for example, using gigabit 

. 

class lithographic technology. 
Brief Description of the Drawings 
^ Fig. 1 is a diagram which illustrates an oxide dielectric 

capacitor provided with a double- layered conductive oxide 
& layer included in its lower electrode layer. 

H Fig. 2 is a diagram which illustrates an oxide dielectric 

J3 capacitor provided with a double-layered conductive oxide 
layer formed on a polycrystalline silicon layer. 

Fig. 3 is a diagram which illustrates an oxide dielectric 
2 0 capacitor provided with a double-layered conductive oxide 

layer formed on an anti-diffusion non-oxide conductive layer. 

Fig. 4 is a diagram which illustrates an oxide dielectric 
capacitor provided with a double-layered conductive oxide 
layer formed on an anti-diffusion non-oxide conductive layer 
2 5 through a metallic layer. 

Fig. 5 is a diagram which illustrates an oxide dielectric 
capacitor provided with an oxide dielectric layer on a 
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metallic layer stacked on an aluminum titanium nitride layer. 

Fig. 6 is a diagram which illustrates an oxide dielectric 
capacitor provided with an oxide dielectric layer on a 
conductive oxide layer stacked on an aluminum titanium nitride 
layer. 

Figs. 7(a) and 7(b) are graphs which illustrate the 
electrical characteristics of the oxide dielectric capacitor 
formed so as to form a double-layered conductive oxide on a 
polycrystalline silicon layer- Fig. 7(a) illustrates the 
electrode resistance and Fig. 7(b) illustrates a polarization 
hysteresis curve. 

Figs. 8(a), 8(b) and 8(c) are graphs which illustrate the 
electrical characteristics of the oxide dielectric capacitor 
formed so as to form a double- layered conductive oxide on a 
nitride layer. Fig, 8(a) illustrates the resistance of an 
electrode including a TiN layer and Fig. 8(b) illustrates the 
resistance of an electrode, including a TaN layer and Fig. 8(c) 
illustrates a polarization hysteresis curve of a capacitor 
including a TiN layer. 

Fig. 9 is a graph which illustrates a polarization 
hysteresis curve of an oxide dielectric capacitor formed so as 
to form a double- layered conductive oxide layer on a TiN layer 
through a metallic layer. 

Figs. 10(a) and 10(b) are graphs which illustrate a 
compositional range of an aluminum titanium nitride. Fig. 
10(a) indicates the x allowance in (Tii.^Alx) o sNq s • Fig. 10(b) 
indicates the y allowance in (Tio.6Ao.4) i-yNy . 
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Fig. 11 is a graph which illustrates a polarization 
hysteresis curve of an oxide dielectric capacitor provided 
with an aluminum titanium nitride layer. Curve (a) indicates a 
case where an oxide dielectric layer stacked on a metallic 
5 layer and curve (b) indicates a case where an oxide dielectric 
layer is stacked on a conductive oxide layer. 

Fig. 12 is a diagram which illustrates a manufacturing 
process of the semiconductor device of the present invention. 
Fig. 13 is a diagram which illustrates a manufacturing 
10 process of the semiconductor device of the present invention. 

Fig. 14 is a diagram which illustrates a manufacturing 
process of the semiconductor device of the present invention. 

Fig. 15 is a diagram which illustrates manufacturing 
process of the semiconductor device of the present invention 

3 

up to a planarizing process. 
12 Fig. 16 is a diagram which illustrates a manufacturing 

process of the semiconductor device in which a double-layered 
conductive oxide layer is formed on a polycrystalline silicon 
layer . 

2 0 Fig. 17 is a diagram which illustrates a manufacturing 

process of the semiconductor device in which a double-layered 
conductive oxide layer is formed on an anti-diffusion non- 
oxide conductive layer. 

Fig. 18 is a diagram which illustrates a manufacturing 

2 5 process of the semiconductor device in which a double-layered 
conductive oxide layer is formed on an anti-diffusion non- 
oxide conductive layer through a metallic layer. 
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Fig. 19 is a diagram which illustrates a manufacturing 
process of the semiconductor device which is provided with an 
aluminum titanium nitride layer formed so as to form an oxide 
dielectric layer on a metallic layer . 
5 Fig, 2 0 is a diagram which illustrates a manufacturing 

process of the semiconductor device which is provided with an 
aluminum titanium nitride layer formed so as to form an oxide 
dielectric layer on a conductive oxide layer. Fig, 2 0 is a 
diagram which also indicates a cross sectional structure of a 
10 scribing area of a silicon wafer according to an embodiment of 
the present invention. 

Best mode for Carrying out the Invention 

Hereunder, the preferred embodiments of the present 
5 invention will be described. How to form a capacitor using 

%5 oxide dielectrics and how to apply the capacitor to an actual 
semiconductor device will be described separately. The former 
W way is further described by the conductive material selection 

guideline described above. 
1. How to Form an Oxide Dielectric Capacitor 
2 0 1-1 Guideline 1 for selecting conductive materials 

At first, a description will be provided for the first to 
third preferred embodiments of the present invention with 
reference to the accompanying drawings if a double-layered 
conductive oxide layer is selected for two conductive oxide 
2 5 layers provided between a semiconductor layer and a dielectric 
layer in an electrode of an oxide dielectric capacitor 
suitable for a semiconductor device. 



50 



<First Einbodiinent:> 

In the first embodiment of the present invention, the 
resistance of the lower electrode layer and the polarization 
hysteresis curve of an oxide ferroelectric capacitor were 
measured with respect to the lower electrode layer 11 formed 
so as to form a conductive oxide layer 14 with oxygen 
deficiency in a double-layered conductive oxide layer 12 shown 
in Fig. 2 directly on a polycrystalline silicon layer 20. 

At first, an amorphous silicon layer doped with 
phosphorus of 150nm in thickness was formed on a 15mm square 
conductive silicon substrate 10 by chemical vapor deposition. 
The substrate was then annealed thereby obtaining a conductive 
polycrystalline silicon layer 20. Then, two types of samples 
were formed on this substrate. One sample was formed as 
follows; at first, conductive oxide layers 14 and 15 were 
formed through a 2mm square metal mask, then they were further 
shrunken down to a 100 fim square by electron beam lithography. 
This sample was used for measuring the resistance of the 
object electrode. The other sample was formed as follows; at 
first, conductive oxide layers 14 and 15 were formed on the 
entire surface of the substrate, then an oxide dielectric 
layer 16 and the upper electrode layer 17 were stacked like a 
pyramid through a 4mm square metal mask and another metal mask 
of 2mm in diameter, respectively. Then, the upper electrode 
layer 17 was shrunken down to a 10/xm square by ion milling 
using a photo mask. This sample was used for measuring the 
characteristics of the object capacitor. 



To form the conductive oxide layers 14 and 15, Ir02, RUO2, 
SrRu03, SrTiOa to which La was added by 4 weight%, and ReOj 
were used (in this embodiment, chemical formulas are used to 
clarify each compound. The description of the oxygen 
5 deficiency is omitted for convenience sake) . Next, how to form 
each oxide layer will be described. However, the methods 
described here for manufacturing each compound are just 
examples. They may be exchanged for each other. 

The electron beam deposition method was used only for 
10 forming Ir02. At first, the Ir02 oxide powder was molded into 

^ cylindrical shape of 12mm in diameter and 10mm in thickness 
^ using a pressure die. After this, it was annealed at 1100 C 
y for 2 hours in an oxygen gas flow. This was used as an 
£ electron beam source. Then, a IrOs layer with oxygen deficiency 
was formed under the following conditions: temperature of the 
substrate heater; 600 °C, deposition rate; 2nm/min, and 
19, pressure: 0.1 /uTorr. After this, oxygen gas was introduced up 
^ to a pressure of 7 0 )LiTorr. At the same time, the substrate 

heater was set to 580°C thereby stacking a 50nm IrOz layer to 
2 0 obtain a double layered conductive oxide layer 12. 

The conductive oxide layers other than IrOj were formed by 
the RF-magnetron sputtering method using a sintered oxide 
target consisting of the above cation composition. An oxide 
dielectric layer of 5 to 50nm in thickness with oxygen 
2 5 deficiency was formed on the following film deposition 
conditions: temperature of the substrate heater; 600°C 
incident power; 1.5W/cm2, deposition rate; 3nm/min, and 
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discharge Ar gas pressure of 3N in purity; 3 mTorr. After 
this, oxygen was introduced at Ar/02=9/l and the substrate 
heater was set to 58 0°C, thereby forming a conductive oxide 
layer so as to form a double-layered conductive oxide layer 
5 12 . 

The oxide dielectric layer 16 was formed using the RF- 
magnetron sputtering method using bismuth titanate Bi4Ti30i2) / 
which is one of the bismuth layered f erroelectrics . The target 
was a sintered material represented by the above cation 
10 composition. The film deposition conditions are as follows: 
temperature of the substrate heater; 600 °C discharge 

m 

^ gas/oxygen gas pressure ratio; Ar/02=9/l, total pressure; 5 
J^^ mTorr, incident power; l.BW/cm^, deposition rate; 5nm/min. and 
thickness; 200nm. The type and preparation method of the oxide 
|5 dielectric- layer just affected the substantial physical 
ry properties of the capacitor. There was recognized no influence 
53 on the double- layered conductive oxide layer. On the upper 
kQ electrode layer 17 there was deposited a gold film of lOOnm in 

thickness using the electron beam deposition method. 
20 Fig. 7 (a) shows the total resistance (vertical axis) of 

the entire lower electrode layer as a function of the 
thickness (horizontal axis) of the conductive oxide layer 
with oxygen deficiency, formed in a non-oxidizing atmosphere. 
The resistance was measured between the conductive oxide layer 
2 5 formed in an oxidizing atmosphere and the conductive silicon 
substrate. In any of the conductive oxide electrodes, if the 
oxygen deficient layer was 5nm in thickness, the electrode 
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resistance was very large. Thus, it was clear that polycrystal 
silicon was oxidized, thereby increasing the resistance. If 
the oxygen deficient layer was 5 to lOnm in thickness, the 
resistance dropped sharply and the layer was lOnm or over in 
thickness, then the resistance was almost constant. From this 
result, it was clear that the covering ratio of the surface of 
the polycrystal silicon increased and that the oxidization of 
the polycrystal silicon was suppressed. It was because of 
a resistivity difference affected on the conductive oxide 
layer itself that the electrode resistance depended on the 
type of the oxide electrode. 

The resistivity of a conductive oxide material itself, 
when measured for another single layer film, was only a few 
tens of juQcm or so for IrOa, RuOa, and RUO3 and as low as 
two or three times of that even in the oxygen deficient film. 
As for SrRuOa, if oxygen deficiency was introduced, the 
resistivity increased just within 200 fiQcm to a few mQcm. 
For SrTiOa to which La was added by 4 weight% , the resistivity 
increased within a few hundreds of /xQcm to a few mQcm. These 
results matched with the tendency shown in Fig. 7(a) and 
indicated that the resistivity did not increase remarkably 
even when the double-layered conductive oxide electrode grew 
adjacent to the polycrystalline silicon. 

Fig. 7(b) shows a polarization hysteresis curve of an 
oxide ferroelectric capacitor that uses oxide electrodes when 
the oxygen deficient layer is 3 0nm in thickness. There is no 
difference in the hysteresis curve between the types of oxide 
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electrodes. As shown clearly in Fig.7(fo), if a conductive 
oxide layer adjacent to polycrystalline silicon is formed in a 
non-oxidizing atmosphere, both oxidation and oxygen diffusion 
are suppressed. It is thus possible to prove that a voltage 
5 supplied from the substrate can be applied effectively to the 
oxide dielectric layer. 
< Second Embodiment > 

In the second embodiment of the present invention, the 
resistance of the lower electrode layer and the polarization 
10 hysteresis curve of the oxide ferroelectric capacitor were 
5 measured with respect to the structure of the lower electrode 
layer 11. In the lower electrode layer 11 provided in the 
double-layered conductive oxide layer 12 shown in Fig. 3, the 
conductive oxide layer 14 with oxygen deficiency is formed on 
^ a conductive nitride layer which functions as an anti- 

diffusion non-oxide conductive layer 30. 
CO At first, an amorphous silicon film with a thickness of 

.p 150nm was formed on the 15mm square conductive silicon 

substrate 10 using the chemical vapor deposition while doping 
20 with phosphorus. Then, the amorphous silicon film was annealed 
thereby to form a conductive polycrystalline silicon layer 20. 
After this, a conductive nitride layer, which would function 
as an anti-diffusion non-oxide conductive layer 30, was formed 
all over the substrate. On this ground layer was formed two 
25 types of samples. One sample was formed as follows; conductive 
oxide layers 14 and 15 were formed through a 2mm square 
metallic mask, then the layers 14 and 15 were shrunken down to 



■I y 



m 



55 



=^ i 

sit 



a 100 fim square by electron beam lithography. The sample was 
used for measuring electrode resistance. The other sample was 
formed as follows; conductive oxide layers 14 and 15 were 
formed all over the surface of the substrate, then an oxide 
5 dielectric layer 16 and an upper electrode layer 17 were 

stacked like a pyramid through a 4mm square metallic mask and 
a 2mm diameter metallic mask, respectively, and further the 
upper electrode layer 17 was shrunken down to a 10 jim square 
by electron beam lithography. The sample was used for 
10 measuring capacitor characteristics. 

^ In this embodiment, TiN and TaN were used as a conductive 

nitride layer (anti-diffusion non-oxide conductive layer 30) , 
which will be described below in detail. The film deposition 
^ method and the obtained results were also the same with 
13 respect to Zr, Nb, V, and W nitrides. A conductive nitride 
PJ layer was formed using a DC sputtering method using a metal 

Q target. The film deposition conditions were as follows: 
^13 temperature of the substrate heater; 3 00°C, discharge 

gas/nitrogen gas pressure ratio; Ar/Ns = 50/50, total pressure; 
20 4 mTorr, incident power; 400W, and film thickness: 40nm. The 
RF-magnetron sputtering method can also be used for forming 
the conductive nitride layer. The method may use a nitride 
target instead of the metallic target. After the film 
deposition, an annealing treatment was applied to the sample 
25 so as to accelerate crystallization using. the rapid thermal 
annealing method at 800°C for two minutes in an ammonia gas 
atmosphere - 
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For the conductive oxide layers 14 and 15, compounds of 
IrOa, RUO2, SrRuOa, CaRu03 and ReOa were used respectively. 
(Chemical formula were just used to clarify each compound 
here. The description of the amount of oxygen deficiency was 
omitted for the convenience sake.) Each oxide layer was formed 
as follows. Each deposition method described here was just an 
example. The deposition method could also be replaced with 
another. 

The compound IrOz was formed in a weak oxidizing 
atmosphere using the RF -magnetron sputtering method. The 
target was a sintered oxide one. The film deposition 
conditions were as follows: temperature of the substrate 
heater; 600°C, incident power; l.SW/cm^, discharge gas; Ar 
gas of 3N in purity and 3 mTorr in pressure, and weak 
oxidizing gas; N2O gas of Ar/N20=100/1 in flow ratio. Under 
those conditions, a conductive oxide layer with oxygen 
deficiency was formed with a film thickness of 5 to 50nm. 
Then, the gas flow ratio was lowered to Ar/N20=9/1, as well as 
the total pressure was set to 5 mTorr and the temperature 
of the substrate heater was set to 580°C to form a 50nm 
conductive oxide layer, thereby forming a double-layered 
conductive oxide layer 12 . 

SrRu03 and CaRuOj were formed in an Ar gas atmosphere 
using a RF-magnetron sputtering method that employs a sintered 
oxide target. The film deposition conditions were as follows: 
temperature of the substrate heater; 600°C incident power; 
1.5W/cm^, and discharge gas; Ar gas of 3N in purity and 3 mTorr 
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in pressure. Under those conditions, a conductive oxide layer 
with oxygen deficiency was formed with a film thickness of 5 
to 50nm. Then, oxygen was introduced at a gas flow ratio of 
Ar/02=9/l, and the total pressure was set to 5 mtorr and the 
temperature of the substrate heater was set to 58 0°C to form a 
50nm conductive oxide layer, thereby forming a double-layered 
conductive oxide layer 12 . 

RUO2 and Re03 were formed in a weak oxidizing atmosphere 
using the reactive evaporation method. A metal block was used 
as the evaporation source. The film deposition conditions were 
as follows: temperature of the substrate heater; 600 °C, 
deposition rate; Inm/min, and oxygen pressure; 5 ptTorr. Under 

those conditions, an oxygen deficient layer was formed with a 

/ 

thickness of 5 to 50nm, then oxygen was introduced at a 
pressure up to 7 0 jitTorr, and the temperature of the substrate 
heater was lowered to 58 0°C thereby to stack the 50nm thick 
RUO2 and ReOa layers, so that a double- layered conductive oxide 
layer 12 was formed. 

For the oxide dielectric layer 16, lead zirconate 
titanate [Pb (Zro.sTio.s) O3] was used. The RF-magnetron sputtering 
method was used to form the layer 16. The target was a 
sintered one represented by the above cationic composition. 
The film deposition conditions were as follows: temperature of 
the substrate heater; 600°C, discharge gas/oxygen gas pressure 
ratio; Ar/02=9/l, total pressure; 5 mTorr, incident power; 
l.SW/cm^, deposition rate; 5 nm/min, and film thickness; 2 00nm. 
The type and film deposition method of the oxide dielectric 
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layer affected only the substantial physical characteristics 
of the capacitor and did not affect the double-layered 
conductive oxide film. The upper electrode layer 17 was formed 
with the same conductive oxide as that of the lower electrode 
layer in an oxidizing atmosphere using the RF-magnetron 
sputtering method. The film thickness was 8 0nm. 

TiN (Fig. 8(a)) and TaN (Fig. 8(b)) were used 
respectively for forming the anti-diffusion non-oxide 
conductive layer 30. The resistance (vertical axis) of the 
entire lower electrode layer was shown as a function of the 
thickness (horizontal axis) of the oxygen deficient layer. The 
resistance was measured between the conductive oxide layer 
formed in an oxidizing atmosphere and the conductive silicon 
substrate. The resistance depended on the thickness of the 
oxygen deficient layer in the same way as the above regardless 
of the type, deposition method, and deposition conditions of 
the nitride layer and the conductive oxide electrode. The 
electrode resistance was significantly high when the oxygen 
deficient layer was 5nm in thickness. This was because the 
interface was oxidized, thereby the resistance was increased 
when the coating ratio of the nitride layer surface was small 
and a conductive oxide layer was formed in the subsequent 
oxidizing atmosphere. The resistance was reduced sharply as 
the thickness was between 5nm and lOnm and almost constant at 
lOnm or over. This was because the coating rate of the nitride 
layer surface was increased, and thereby the oxidization of 
the phase boundary was suppressed. The reason why the 
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resistance was high when using CaRuOa or an oxide electrode was 
an increase of the contact resistance at the electrode 
interface. This was confirmed using the X ray diffraction 
method. As for an electrode including IrOs, RuOa and Re03 
layers formed in a weak-oxidizing atmosphere, the resistance 
was slightly larger than that of an electrode including SrRu03 
formed in the Ar gas. In any compounds, it was clear that the 
resistance was kept low enough to be used for the object 
electrode layer. The resistivity of a conductive oxide 
material itself was as described in the first embodiment of 
the present invention when measured for the respective single 
layer film of IrOs, RuOs, ReOa, SrRu03, and SrTi03 obtained by 
adding La by 4 weight%. The resistivity of the CaRu03, when the 
film was formed in a non-oxidizing atmosphere, increased up to 
a little less than several hundreds of jLtQcm to 10 itiQcm. These 
results coincide with the tendency shown in Fig. 8(a), 
indicating that the resistance did not increase so much even 
when the double- layered conductive oxide electrodes grew 
adjacent to the anti-diffusion non-oxide conductive layer 30. 

Fig. 8 (c) shows a polarization hysteresis curve of an 
oxide ferroelectric capacitor when the oxygen deficient 
layer is lOnm in thickness in a case where TiN is used as a 
nitride layer. For an electrode that includes a CaRuOs layer, 
the hysteresis curve is opened to the horizontal axis more 
than those of other electrodes. This seems to be because of 
the decomposed CaO cames the distribution in the electric 
field which is applied to dielectrics. However, there is no 
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problem, since characteristics are good enough for the 
capacitor. As shown in Fig. 8(c) clearly, it is proved that if 
a conductive oxide layer is formed adjacent to a nitride layer 
in a non-oxidizing atmosphere, both oxidation and oxygen 
diffusion are suppressed, thereby a voltage can be applied to 
the oxide dielectric layer effectively from the substrate. The 
same hysteresis curve as that shown in Fig. 8(c) was also 
obtained for the TaN layer. 
<Third Embodiment> 

In the third embodiment of the present invention, the 
polarization hysteresis curve for an oxide ferroelectric 
capacitor was measured with respect to the structure of the 
lower electrode layer 11, in which the conductive oxide 
layer 14 with oxygen deficiency is formed on an anti-diffusion 
non-oxide conductive layer 30 via metallic layer 40. The layer 
14 is provided in the double-layered conductive oxide layer 12 
shown in Fig. 4. 

The shapes and film deposition methods of the substrate 
10, the polycrystalline silicon layer 20, a TiN layer or the 
anti-diffusion non-oxide conductive layer 30, as well as the 
oxide dielectric layer 16 and the upper electrode layer 17 are 
the same as those in the first and second embodiments 
described above. It is not essential to select the materials 
of the oxide dielectric layer and the upper electrode layer, 
however, mentioned in the embodiments of the present 
invention. 

The TiN layer was formed with a thickness of 40nm in 



accordance with the method of the second embodiment. The TiN 
layer was used as an anti-diffusion non-oxide conductive layer 
30. The same results were also obtained for other nitrides 
listed in the above second embodiment. 

In this embodiment, platinum was used for the metallic 
layer 40. The same effect was also found when iridium and 
ruthenium, which are the same nobles metals as platinum, were 
used. The DC sputtering method was used for forming the 
metallic layer on the following conditions: Incident 
power; 400W, discharge gas; Ar, gas pressure; 20 mTorr, and 
temperature of the substrate heater: 500°C. The metallic 
layer 4 0 was thus formed with a thickness of 2 0nm on the whole 
area of anti-diffusion non-oxide conductive layer 30. 

Ir02, RUO2, SrRu03, and SrTiOa which La was added by 4 
weight% were used for forming the conductive oxide layer 
using a RF-magnetron sputtering method in a weak oxidizing 
atmosphere. The targets were made of a sintered oxide. The 
film deposition conditions were as follows: temperature of the 
substrate heater; 600°C incident power; l.SW/cm^, discharge 
gas; Ar gas of 3N in purity and 3 mTorr in pressure, and weak 
oxidizing gas: N2O gas of Ar/N20=100/1 in flow ratio. Under 
these conditions, the conductive oxide layer 14 with oxygen 
deficient layer of lOnm in thickness was formed. Then, the gas 
flow ratio was lowered to Ar/N20=9/1, as well as the total 
pressure was set to 5 mTorr and the substrate heater was set 
to 580°C to form a 50nm thick conductive oxide layer 15, 
thereby forming a double- layered conductive oxide layer 12. 
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Fig. 9 shows a polarization hysteresis curve of an oxide 
ferroelectric capacitor with respect to each conductor oxide. 
Regardless of the oxygen deficient layer type, the hysteresis 
curve was an open one with high symmetry. Even when the 
metallic layer was as thin as 2 0nm and a conductor oxide layer 
adjacent to this metallic layer was formed in a weak oxidizing 
atmosphere, the oxygen deficient layer included in the 
conductive oxide layer was found to be effective for 
suppressing oxidation and oxygen diffusion, thereby a voltage 
could be applied effectively to the oxide dielectric layer 
from the substrate. 

As described above in each of the embodiments of the 
present invention, a conductive oxide layer with oxygen 
deficiency was formed in a non-oxidizing atmosphere, which is 
one of the characteristics of the present invention, thereby 
forming a double- layered conductive oxide layer. Consequently, 
the lower electrode layer and the oxide dielectric layer could 
be formed without oxidizing the polycrystalline silicon (the 
first embodiment of the present invention) adjacent to the 
double-layered conductive oxide layer, the anti-diffusion non- 
oxide conductive layer consisting of nitrides, etc. adjacent 
to the double-layered conductive oxide- layer, as well as the 
anti-diffusion non-oxide conductive layer (the second 
embodiment of the present invention) adjacent to the double- 
layered conductive oxide layer through a metallic layer. 
Consequently, it was possible to reduce the interfacial 
resistance and contact resistance, of each electrode, thereby 
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forming an oxide dielectric capacitor suitable for high 
integration. 

1-2 Guideline 2 for Selecting Conductive Materials 

Hereunder, a description will be made to indicate how to 
5 select an aluminum titanium nitride layer at the side of the 
semiconductor and an anti-oxidization metallic layer at the 
side of the dielectrics of the two conductive material 
layers provided between a semiconductor layer and a 
dielectric layer in the electrode of an oxide dielectric 

10 capacitor suitable for a semiconductor device. The 

Q 

.43 accompanying drawings will be referenced for describing the 

^ fourth and fifth embodiments of the present invention. 

<Fourth Embodiment> 

In the fourth embodiment of the present invention, the 
%5 allowable contents of both aluminum and nitrogen were 
iU checked in an aluminum titanium layer with respect to the 

phase uniformity, low resistivity, and resistance to 
O oxidation. The phase uniformity and the resistance to 

oxidation were checked by the X ray diffraction method and the 
2 0 resistivity was measured using the DC four-point probe method. 

At first, an aluminum titanium nitride [Tii.^Al^) i-vNy] film 
was formed on a conductive silicon substrate using the DC 
sputtering method. A natural oxidized film was already removed 
from the substrate before this deposition. The target was a 
2 5 composite one obtained by spreading aluminum and titanium 

metallic plates in a mosaic fashion all over an aluminum metal 
plate. The aluminum content x was adjusted according to the 
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area ratio of both metallic plates. The nitrogen content y was 
adjusted by changing the argon discharge gas/nitrogen gas flow 
ratio within the range of 95/5 to 5/95. The substrate heater 
was set to 550°C. Other film deposition conditions were as 
follows: Incident power; 400W, total gas pressure; 5 to 20 
mTorr, growth rate; 5 to 10 nm/min, and film thickness; 50nm. 
The aluminum content x was analyzed and determined using the 
ICPS method (Inductively-Coupled Plasma Spectroscopy ) and the 
nitrogen content y was analyzed and determined using the RBS 
(Rutherford Back Scattering) method that uses He+ ions. 

Fig. 10(a) shows both reaction products and the 
resistivity of a sample whose nitrogen content y is 0.5 as 
a function of the aluminum content x. As a result of X ray 
diffraction, only a diffraction line assignable to TiN was 
observed when x was 0.6 or below. If x exceeded 0.6, however, 
a mixed phase with a phase assignable to AIN was observed. As 
the X value increased, the TiN phase disappeared and the AIN 
phase increased. The resistivity increased a little as the x 
value increased. The resistivity increased sharply around 0.5. 
Fig. 10(b) shows both reaction products and resistivity of a 
sample whose aluminum content x is 0.4 as a function of the 
nitrogen content y. As a result of X ray diffraction, 
diffraction lines other than TiN were observed if the y value 
was smaller than 0.2 or exceeded 0.6. The resistivity was 
checked only for the nitrogen content whose y value was 0.2 to 
0.6 (included). For this nitrogen content, a single phase was 
observed in the X ray diffraction pattern. The resistivity 
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increased as the y value increased. And, the resistivity 
increased sharply around 0.6 of the y value. Usually, an 
effect of the impurity phase is observed in the resistivity 
more than in X ray diffraction. Thus, the threshold values of 
5 both X and y to be determined by a resistivity seems to be 
narrowed . 

Next, a platinum layer with a thickness of 3 0nm was 
formed by the DC sputtering method on the aluminum titanium 
layer formed above. The film deposition conditions were as 
10 follows: Incident power; 4 00W, discharge gas; Argon gas, gas 
y pressure; 20 mTorr, and deposition temperature; SOO^'C. On 

the platinum layer was stacked an oxide dielectric layer 
[Pb (Zro.sTio.s) O3] with a thickness of lOOnm, using RF-magnetron 
^ sputtering. The film deposition on conditions were as follows: 

15 temperature of the substrate heater; 3 00°C, incident power; 
nj 1.5W/cm2, deposition rate; 3 nm/min, discharge Ar gas/oxygen 

p3 gas flow ratio; 90/10, and pressure; 5 mTorr. After the lOOnm 

Jq thick oxide dielectric layer was formed, rapid thermal 

annealing was applied to the layer at 650 °C for 2 minutes in 
20 an oxygen flow, thereby to accelerate the crystallization of 
the layer . 

Finally, the oxide dielectric layer, after it was formed 
once, was removed completely in a dry etching process, thereby 
exposing the platinum layer again. An X ray diffraction 
2 5 measurement was made for this sample to check if the aluminum 
titanium nitride [ (Tii^^Alx) i-yNy] layer was oxidized and changed 
in quality by the formed oxide dielectric layer. Fig. 10(a) 
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also shows this result. As shown in Fig. 10(a), it was 
confirmed that the oxide layer was oxidized, thereby TiOj was 
formed when the aluminum content x was smaller than 0.2. And, 
as shown in Fig. 10(b), TiOj was also observed when the 
nitrogen content y was smaller than 0.4. 

The above threshold values remained the same even when 
both aluminum and nitrogen contents x and y were fixed at 
another value respectively. 

The above threshold values also remained the same 
substantially even when platinum was replaced with any of 
iridium, ruthenium, and rhenium for forming the metallic 
layer. And, the aluminum titanium nitride layer for preventing 
oxygen diffusion and oxidation was also effective for other 
oxide dielectrics, for example, lead zirconate titanate having 
a different titanium/ zirconium ratio, lead barium zirconate 
titanate, barium strontium titanate, and bismuth 
f erroelectrics . 
<Fifth Embodiment > 

In the fifth embodiment of the present invention, the 
polarization hysteresis curve of an oxide dielectric capacitor 
including an aluminum titanium nitride layer for preventing 
oxygen diffusion and oxidation was measured (Fig. 11) . 

For the sample (a) , an oxide dielectric layer was stacked 
directly on the platinum layer of 30nm in thickness/aluminum 
titanium nitride layer of 50nm in thickness/conductive silicon 
substrate described in the fourth embodiment of the present 
invention. For the sample (b) , an oxide dielectric layer was 
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stacked on the above layer through a conductive oxide layer. 

A RUO2 layer of 50nin in thickness was formed as the 
conductive oxide layer using the RF-magnetron sputtering 
method. The target was an Ru metal one. The film deposition 
5 conditions were as follows: temperature of the substrate 

heater; 500''C, incident power; l.SW/cm^, deposition rate; 3 
nm/min, discharge Ar gas/oxygen gas flow ratio; 50/50, and 
pressure; 7mTorr. 

Lead zirconate titanate [Pb ( Zro.sTio.s) O3 ] layer of lOOnm in 
10 thickness was formed as the oxide dielectric layer using the 
sol-gel method. Sol was a solution obtained by making lead 
acetate, titanium isopropoxide and zirconium isopropoxide 
react with each other in methoxy ethanol. This solution was 
:p coated on the platinum layer [sample (a) ] or on the conductive 

15 oxide layer [sample (b) ] , then rapid thermal annealing was 

■Q 

nj applied to each sample at 650 °C for two minutes in an 

m oxidizing atmosphere, thereby crystallizing the sample. 

A 2mm diameter platinum layer was formed as the upper 
electrode layer through a metallic mask using the DC 

2 0 sputtering method. 

Fig. 11 shows a polarization hysteresis curve measured 
when a voltage was applied between the upper electrode layer 
and the conductive silicon substrate. For both samples (a) and 
(b) , good hysteresis curves were obtained. Even when the 

2 5 platinum layer put therebetween was as thin as 3 0nm, the 
aluminum titanium nitride layer functioned effectively to 
prevent oxygen diffusion and oxidation. It was thus confirmed 



68 




that the object capacitor operation was satisfactory with a 
voltage supplied from the substrate. 

To select certain materials of a conductive oxide layer 
and an oxide dielectric layer is not essential in the 
5 embodiments of the present invention. For example, any of 

the conductive oxides of IrOj, SrRu03, and Re03 can be used to 
obtain the same effect. In addition, any of lead zirconate 
titanate [Pb (Zr^Tii.^) O3] with X other 0.5, lead strontium 
barium titanate [ (Ba^Sri.^) Ti03 (x=0 to 1)], barium zironate 

10 titanate, and bismuth layered f erroelectrics can be used to 

J form the object capacitor in the same way. 

^ As described in each of the embodiments of the present 

'fi^ invention, if an aluminum titanium nitride layer for 
S preventing oxygen diffusion and oxidation, which is one of 
1^ the characteristics of the present invention, was formed, 

then the lower electrode layer and the oxide dielectric 
SO layer could be formed without oxidizing the nitride layer 

^ even when adjacent metallic layers including the platinum 

one were thinned down to 3 0nm. Consequently, the 
2 0 interfacial resistance and the contact resistance of each 

electrode, as well as the capacitor aspect ratio could be 

reduced, thereby forming an oxide dielectric capacitor 

suitable for high integration. 

2 . How to Form a Semiconductor Device Provided with a 
25 Dielectric Capacitor 

Next, description will be made for how an oxide 
dielectric capacitor of the present invention is used in a 



69 




semiconductor device. A MOS transistor formed on a silicon 
substrate will be picked up as an example for the description 
with reference to the accompanying drawings with respect to 
the sixth to tenth embodiments of the present invention to be 
5 described below- The sixth to eight and ninth to tenth 

embodiments are based on the guideline 1 and 2 for selecting 
conductive materials respectively as described above. 
< S ixth Embodiment > 

In this sixth embodiment of the present invention, 
10 description will be made at first for the pre-process up to 
^ the forming of an oxide dielectric capacitor with respect to 

^z, the manufacturing method of a semiconductor device. 

At first, description will be made for how to form a 
MOS transistor on a silicon substrate, then how to planarize 
%p the surface of the substrate once and finally for how to form 
ry a polycrystalline silicon plug used to connect the capacitor 

to electrode electrically to the MOS transistor. The series 

of manufacturing processes will be described sequentially 
with reference to Figs. 12 to 15. 
2 0 As shown in Fig. 12, a switching transistor is formed in 

an existing MOSFET integrating process. Reference numeral 121 
denotes a p-type semiconductor substrate, 12 2 denotes an 
isolating insulator between devices, 12 3 denotes a gate oxide 
film, 124 denotes a word line used as a gate electrode, and 
2 5 12 5 and 12 6 denote n-type impurity diffusion layers in which 
phosphorus is doped respectively. Reference numeral 127 
denotes a passivation layer consisting of SiOs. Next, the 
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surface is covered completely with a 50nm thick SiOs layer 128 
by the chemical vapor deposition. After this, the surface is 
covered once with a 600nm thick Si3N4 layer 129, then this Si3N4 
layer 12 9 is etched as deep as the deposited film thickness, 
5 thereby filling the insulator between word lines. The 

structure is thus formed as shown in Fig, 12. The SiOa layer 
128 is an under layer for producing the bit lines in a 
subsequent process and is used to prevent exposure of the 
surface of the substrate, as well as damage to the isolating 
10 insulator 122 between elements. 

^ Fig. 13 shows the next process. The Si3N4 portion where 

a bit line to be formed later will come in contact with the n- 

ft 1 

K type impurity diffusion layer 125 on the surface of the 

5 substrate, as well as the Si3N4 portion where a capacitor 

J3 electrode to be formed later will come in contact with the n- 

type impurity diffusion layer 126 on the surface of the 
W substrate are processed respectively so as to be perforated 
%0 with holes using a photo- lithography method and a dry etching 

method. After this, amorphous silicon including an n-type 
2 0 impurity is deposited with a thickness of 600nm all over the 
portion including the holes, and then is annealed so as to be 
crystallized. The polycrystalline silicon is then etched as 
deep as the film thickness, so as to be structured as shown in 
Fig. 13- Consequently, the holes are filled with 
25 polycrystalline silicon 131 and 132. 

Fig. 14 shows the next process for forming a bit line. 
At first, the entire surface is covered with the Si02 insulator 
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141 using the chemical vapor deposition. Then, the SiOs 
insulator positioned above the polycrystalline silicon 131 is 
perforated with holeis using both photo- lithography method and 
dry etching method so that the bit line to be formed later are 
connected to the n-type impurity diffusion layer 12 5 
electrically. After this, metallic silicide to become a bit 
line later, as well as a polycrystalline silicon layer (142) 
are formed all over these holes. And, on the layer 14 2 is 
deposited an SiOj layer 14 3 with a thickness of 2 00 nm. The 
Si02 layer 143, the metallic silicide, and the polycrystalline 
silicon layer 142 are then patterned using both photo- 
lithography and dry-etching methods, thereby forming a bit 
line 142 and an SiOa layer 143. Then, to insulate the side wall 
of the bit line 142, Si3N4 deposited with a thickness of 150nm 
using the chemical vapor deposition, then etched using the 
dry-etching method, thereby forming an Si3N4 side wall spacer 
144. Finally, the SiOa insulator 141 positioned above the 
polycrystalline silicon 132 is treated using both photo- 
lithography and dry-etching methods, thereby making holes. 
These holes are used to connect a capacitor electrode to be 
formed later to the n-type impurity diffusion layer 12 6 
electrically. 

Fig. 15 shows the process for planar izing the surface 
of the substrate and forming a conductive polycrystalline 
silicon plug before the object capacitor is formed. At 
first, an insulator 151 is deposited on the substrate with 
a thickness sufficient to planarize the surface of the 




substrate. In this embodiment of the present invention, a 
500nm thick boron phosphorus silicate glass (BPSG) is used, 
but another silicon oxide film may be used instead of the 
BPSG. The glass is planar ized by chemical mechanical 
5 polishing. The surface of the substrate can also be covered by 
SiOs using the chemical vapor deposition, then etched back to 
planarize the surface. Next, the photo- lithography and the dry 
etching method are applied to the insulator 151 positioned 
above the n-type impurity diffusion layer 126, thereby making 
10 contact holes. After this, phosphorus-doped amorphous silicon 
J"j is deposited all over the surface including those holes with a 

thickness of 200nm using the chemical vapor deposition, and 
:^ then it is annealed to crystallize the surface. The surface is 
% then etched back using the dry etching method, thereby forming 
|5 each polycrystalline silicon plug 152 filled with 

polycrystalline silicon. 
S3 This completes the pre-process for forming the oxide 

^ dielectric capacitor. 

Next, description will be made for respective processes 
2 0 for forming an oxide dielectric capacitor including a double- 
layered conductive oxide later on the substrate for which a 
MOS transistor and a polycrystalline silicon plug are already 
formed. In this embodiment, the lower electrode takes a 
structure in which a conductive oxide layer with oxygen 
25 deficiency is formed directly on the polycrystalline silicon 
shown in Fig. 2. 

At first, as shown in Fig. 16, a lOnm thick conductive 
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oxide layer 161 (RuOs) with oxygen deficiency is formed in 
an Ar atmosphere using the RF-magnetron sputtering method 
as described in detail in the first embodiment of the present 
invention. Then, oxygen is introduced at a gas flow ratio 
5 up to Ar/02=9/l, and the total pressure is increased as well, 
thereby stacking a 50nm thick conductive oxide layer 162 so 
as to form a double-layered conductive oxide layer (161 and 
162). After this, the layer(161 and 612) was covered with 
a 50nm thick W film using the DC sputtering method- Then, 
10 a photoresist masking pattern was transferred onto the surface 
^ of the layer (161 and 162) using the dry etching method. This 

transferred pattern was used as a mask to pattern the double- 

=#? 

layered conductive oxide layer (161 and 162) using the 
^ sputtering etching method. Then, the transferred mask was 

!L^5 removed by etching and an oxide dielectric layer 163 was 
rU formed. In the embodiments of the present invention, lead 

CO zirconate titanate [Pb ( Zro.sTio.s) O3 was used as an oxide 

kQ dielectric. The deposition method was as described in detail 

in the second and third embodiments of the present invention. 
20 The film thickness was lOOnm. Finally, a platinum cell plate 

electrode 164 was formed to complete the object memory cell 

capacitor. 

The polarization hysteresis characteristics of the oxide 
ferroelectric capacitor (sample) were measured by changing the 
2 5 capacitor area from 0.2 to 2 5 . As a result, a satisfactory 
hysteresis curve was obtained, enabling a voltage to be 
supplied to the oxide dielectric layer from the 
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polycrystalline silicon plug 152 in any cases. 

In the embodiments of the present invention, it is not 
essential to select a particular material for the oxide 
dielectric layer. Any of lead zirconate titanate 
5 [Pb (Zr^Tii.x) O3] with y other than 0.5, strontium barium 
titanate [Ba^^Sr^.^) Ti03 (X=0 to 1)], lead barium zironate 
titanate, and bismuth layered f erroelectrics can be used to 
form memory cells in the same way. In addition, the same 
effect could be obtained for the conductive oxide layer using 
10 any of the compounds described in the first embodiment of the 
Q present invention. 

<Seventh Embodiment> 

In this seventh embodiment of the present invention, 
42 description will be made of a process for forming an oxide 

m 

a.5 dielectric capacitor on a substrate after finishing the 
fy processes from forming a MOS transistor up to forming a 

^ polycrystalline silicon plug as described in detail in the 

.ft. 

Jfi sixth embodiment of the present invention. The capacitor 

includes a double-layered conductive oxide layer formed on 

20 an anti-diffusion non-oxide conductive layer as shown in 
Fig. 3. 

At first, as shown in Fig. 17, an anti-diffusion oxide 
conductive layer 171 is formed. In this embodiment, TiN is 
used for the anti-diffusion non-oxide conductive layer and 
25 such an example will be described in detail. However, note 

that the same effect was also obtained for the semiconductor 
device of the present invention when any of, the nitrides of 
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Ta, Z r, Nb, V, and W were used. The nitride layer, as 
described in detail in the second embodiment of the present 
invention, was formed using the DC sputtering method that 
employed a metallic target. The film thickness was 40nm. After 
5 the film deposition, the sample was annealed at 800°C for two 
minutes in an ammonia gas atmosphere using the rapid thermal 
annealing method, thereby accelerating the crystallization of 
the film. 

Next, an SrRu03 layer was formed in a weak oxidizing 
10 atmosphere using the RF -magnetron sputtering method. The layer 

was used as a double-layered conductive oxide layer. The same 
^ effect can be obtained even with the film deposition in an Ar 

W gas atmosphere. Then, a conductive oxide layer 161 (SrRu03) 

with a lOnm thick oxygen deficient layer was formed at a gas 
1.5 flow ratio of Ar/O2=100/1, and then the gas flow ratio was 
nj lowered to Ar02=9/1 thereby stacking a 50nm conductive oxide 

fQ layer 162 so as to form the double-layered conductive oxide 

'5 layer (161 and 162) . The film deposition conditions including 

the temperature were the same as those in the second 
2 0 embodiment of the present invention described above. 

Next, the above layers were covered with a 50nm W film 
and a photo-resist masking pattern was transferred to the 
W film using the dry etching method. This transferred pattern 
was used as a mask for patterning the double-layered 
2 5 conductive oxide layer (161 and 162) , as well as the anti- 
diffusion non-oxidizing conductive layer 171 through sputter- 
etching. The transferred mask was then removed and an oxide 
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dielectric layer 163 was formed. In the embodiments of the 
present invention, lead zirconate titanate [Pb (Zro.sTio.s) O3] was 
used as an oxide dielectric. The film deposition method was 
the same as described in the second and third embodiments of 
5 the present invention in detail. The film thickness was lOOnm. 
Finally, a platinum electrode 164 was formed to complete the 
object capacitor of a memory cell. 

The sample was then measured with respect to the 
polarization hysteresis characteristics of this oxide 

10 ferroelectric capacitor by changing the capacitor area from 
0.2 to 2 5 jLtm^. As a result, it was found in all cases that a 

=g voltage could be supplied from the polycrystal silicon plug 
152 to the oxide dielectric layer so as to obtain a 

45 satisfactory hysteresis curve. 

15 In the embodiments of the present invention, it is not 

flj essential to select a particular material for the oxide 
la dielectric layer. Any of lead zirconate titanate [Pb ( Zr^Tii.^) O3 
with X other than 0.5, strontium barium titanate [ (Ba^Sri.x) TiOj 
(X=0 to 1)], lead barium zironate titanate, and bismuth 
20 layered f erroelectrics can be used to form memory cells. The 

same effect could also be obtained using any of the compounds, 
IrOs, RUO2, CaRuOs, SrTiOs to which La is added, and Re03 for 
the conductive oxide layer as described in the first to this 
embodiments of the present invention. 
2 5 <Eighth Embodiment> 

In this eighth embodiment of the present invention, 
description will be made of a process for forming an oxide 
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dielectric capacitor on a substrate after finishing the 
processes from forming of a MOS transistor up to forming of 
a polycrystalline silicon plug as described in detail in the 
sixth embodiment of the present invention. The capacitor 
5 includes a double-layered conductive oxide layer formed on an 
anti diffusion non-oxide conductive layer through a metallic 
layer as shown in Fig. 4. 

At first,, as shown in Fig. 18, an anti-diffusion oxide 
conductive layer 171 is formed. In this embodiment, TiN is 
10 used for the anti-diffusion non-oxide conductive layer and 
y such an example will be described below. However, note that 

ft the same effect was also obtained for the semiconductor device 

W of the present invention when any of the nitrides of Ta, Zr, 

Nb, V, and W was used. The TiN layer was formed as described 
IL5 in detail in the seventh embodiment of the present invention, 
flj On this layer a 2 0nm thick metallic layer 181 was formed using 

^ the DC sputtering method. Although platinum was used in this 

^5 embodiment, it was confirmed that the same effect was also 

obtained with the use of iridium and ruthenium. The film 
20 deposition conditions for the metallic layer were the same as 
those in the third embodiment of the present invention. 

Next, an Ir02 layer was formed in a weak oxidizing 
atmosphere using the RF -magnetron sputtering method. The layer 
was used as a double-layered conductive oxide layer. Of 
2 5 course, the same effect was obtained even with the film 

deposition in an Ar gas atmosphere. Then, a lOnm conductive 
oxide layer 161 (IrOs) with oxygen deficiency was formed at a 
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gas flow ratio of Ar/O2=100/1, then the gas flow ratio was 
lowered to Ar02=9/1 so as to stack a SOnm conductive oxide 
layer 162 (IrOs) , thereby forming a double-layered conductive 
oxide layer (161 and 162). The film deposition conditions 
5 including the temperature were the same as those in the third 
embodiment of the present invention described above. 

Next, the above layer was covered with a 50nm W film and 
a photo-resist masking pattern was transferred to the W film 
using the dry etching method. This transferred pattern mask 
10 was used for patterning the double-layered conductive oxide 
Q layers 161 and 162 and metallic layer 181, as well as for the 
f|l anti-diffusion non-oxidizing conductive layer 171 through 
[U sputter-etching. The transferred mask was then removed and an 

oxide dielectric layer 163 was formed. In the embodiments of 
15 the present invention, lead zirconate titanate [Pb (Zro sTio.s) O3 
fU as used as an oxide dielectric. The film deposition method was 
the same as those described in the second and third 
embodiments of the present invention in detail. The film 
thickness was lOOnm. Finally, a platinum cell plate electrode 
20 164 was formed to complete the object capacitor of a memory 
cell . 

The sample was then measured with respect to the 
polarization hysteresis characteristics of this oxide 
ferroelectric capacitor by changing the capacitor area from 
2 5 0.2 to 2 5 /Ltm^. As a result, it was found in all cases that a 
voltage could be supplied from the polycrystal silicon 
plug 152 to the oxide dielectric layer so as to obtain a 
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satisfactory hysteresis curve. 

In the embodiments of the present invention, it is not 
essential to select a particular material for the oxide 
dielectric layer. Any of lead zirconate titanate [Pb (Zr^Tii^^) O3 
with X other than 0.5, strontium barium titanate [ (BaxSri^^) Ti03 
(X=0 to 1)], lead barium zironate titanate, and bismuth 
layered f erroelectrics can be used to form memory cells in the 
same way. The same effect could also be obtained using any of 
the compounds, RUO2, SrRuOa, CaRuOs, SrTiOa to which La is 
added, and ReOj as described in the first to third embodiments 
of the present invention for the conductive oxide layer. 
<Ninth Embodiment> 

In this ninth embodiment of the present invention, 
description will be made of a process for forming an oxide 
dielectric capacitor on a substrate after finishing the 
processes from forming of a MOS transistor up to forming of 
a polycrystalline silicon plug as described in detail in the 
sixth embodiment of the present invention. The capacitor 
includes an aluminum titanium nitride layer for preventing 
oxygen diffusion and oxidation. In this embodiment, the lower 
electrode layer takes a structure in which a metallic layer 
and an oxide dielectric layer are stacked sequentially on the 
aluminum titanium nitride shown in Fig. 5. 

At first, as shown in Fig. 19, an aluminum titanium 
nitride [Tio ^Alo.s) 0.5N0.5] layer 191 was formed using the RF- 
magnetron sputtering method. The target was a composite one 
obtained by depositing a proper amount of aluminum nitride 
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plate on a titanium nitride plate. The film deposition 
conditions were as follows; temperature of the substrate 
heater; 550°C, incident power; 400W, total gas pressure; 8 
mTorr, argon discharge gas/nitrogen gas flow ratio; 90/10, 
5 deposition rate; 10 nm/min, and film thickness; 50nm, The same 
effect to be described below was also obtained using another 
aluminum or nitrogen content as indicated in Fig. 5. 

On this layer a 30nm thick metallic layer 181 was formed 
using the DC sputtering method. Although platinum was used in 
10 this embodiment, it was confirmed that the same effect was 

also obtained with the use of iridium and ruthenium. The film 
deposition conditions for the metallic layer were the same as 
i5 those in the fourth embodiment of the present invention. 
J; Next, the layer formed above was covered with a 50nm 

%p W film and a photo-resist masking pattern was transferred 

to the W film using the dry etching method. Using this 
© transferred pattern as a mask, the aluminum titanium nitride 
^£1 layer 191 and the metallic layer 182 were patterned through 

sputter-etching. The transferred mask was then removed and 
2 0 an oxide dielectric layer 163 was formed. In the embodiments 
of the present invention, lead zirconate titanate 
[Pb(Zro.5Tio.5) O3 was used as an oxide dielectric. The film 
deposition method was the sol-gel method as described in the 
fifth embodiment of the present invention in detail. The film 
2 5 thickness was lOOnm. Finally, a platinum electrode 164 was 
formed and patterned to complete the object capacitor of a 
memory cell. 
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The sample was then measured with respect to the 
polarization hysteresis characteristics of this oxide 
ferroelectric capacitor by changing the capacitor area from 
0.2 to 2 5 fira^ , As a result, it was found in all cases that a 
5 voltage could be supplied from the polycrystal silicon 

plug 152 so as to obtain a satisfactory hysteresis curve. 

In the embodiments of the present invention, it is not 
essential to select a particular material as the oxide 
dielectric layer. Any of lead zirconate titanate [Pb (Zr^Tii^x) O3 
10 with X other than 0.5, strontium barium titanate [ (Ba^Sri^x) Ti03 
(X=0 to 1) ] lead barium zironate titanate, and bismuth layered 
f erroelectrics can be used to form memory cells in the same 
way. 

<Tenth Embodiment> 
-15 In this tenth embodiment of the present invention, 

rU description will be made of a process for forming an oxide 

ta dielectric capacitor on a substrate after finishing the 
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processes from forming of a MOS transistor up to forming of 

i 

a polycrystalline silicon plug as described in detail in the 
20 sixth embodiment of the present invention. The capacitor 

includes an aluminum titanium nitride layer for preventing 
oxygen diffusion and oxidation. In this embodiment, the lower 
electrode layer takes a structure in which a metallic layer, a 
conductive oxide layer, and an oxide dielectric layer were 
2 5 stacked sequentially on the aluminum titanium nitride shown in 
Fig. 5. 

At first, as shown in Fig. 20, an aluminum titanium 
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nitride[ (Tio.sAlo.s) o-sNo.s] layer 191 and a metallic layer 181 
were formed using the same method as that in the ninth 
embodiment. The same effect to be described, below was also 
obtained using another aluminum or nitrogen content, as well 
as using iridium, ruthenium, and rhenium. 

A 50nm thick IrOj layer formed using the RF-magnetron 
sputtering method was used as the conductive oxide layer 
2 01. The target was an Ir metal one. The film deposition 
conditions were as follows: temperature of the substrate 
heater; 500°C, incident power; I.5W/cm^, deposition rate; 3 
nm/min, discharge Ar gas/oxygen gas flow ratio; 50/50, and 
pressure: VmTorr. 

Next, the layer formed above was covered with a 50nm 
W film and a photo-resist masking pattern was transferred 
to the W film using the dry etching method. Using this 
transferred pattern as a mask, the aluminum titanium nitride 
layer 191, the metallic layer 181, as well as a conductive 
oxide layer 2 01 were patterned through sputter-etching. 

The transferred mask was then removed and an oxide 
dielectric layer 163 was formed. In the embodiments of the 
present invention, bismuth layered f erroelectrics, Bi4Ti30i2, 
was used as the oxide dielectric. In an oxidizing atmosphere 
at 50 MTorr in pressure, the titanium and bismuth were 
evaporated using an electron gun and an effusion cell 
respectively, thereby forming a lOOnm thick amorphous oxide 
layer at room temperature. After this, a rapid thermal 
annealing treatment was applied to the sample at 700°C for 
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2inin in an oxygen atmosphere so as to crystallize the 
surface. Finally, a platinum cell plate electrode 164 was 
formed and patterned to complete the object capacitor of a 
memory cell. 

5 The sample was then measured with respect to the 

polarization hysteresis characteristics of this oxide 
ferroelectric capacitor by changing the capacitor area from 
0.2 to 2 5 fxm^ . As a result, it was found in all cases that 
a voltage could be supplied from the polycrystal silicon plug 

10 152 to the oxide dielectric layer so as to obtain a 

^ satisfactory hysteresis curve. 

Whether to select a conductive oxide layer or an oxide 
dielectric layer is not essential in the embodiments of the 

=|S present invention. In addition, any of lead zirconate titanate 

m 

|5 [Pb (Zr-j^Tii.x) O3 (x=0 to 1), strontium barium titanate 
fU [ (Ba^Sri.x) Ti03 (X=0 to 1)], lead barium zironate titanate, 

^ bismuth layered f erroelectrics , and SrBisTasOg can be used to 

form the object capacitor in the same way. Any of the 
conductive oxides of RUO2, SrRu03, Re03 can also be used to 
2 0 obtain the same effect. 

As described in each of the embodiments of the present 
invention, a MOS transistor formed on a silicon substrate is 
applied to a semiconductor device provided in an oxide 
dielectric capacitor of the present invention. As for the 
2 5 guideline 1 for selecting conductive materials, a conductive 
oxide layer with oxygen deficiency was formed in a non- 
oxidizing atmosphere, thereby forming a double- layered 
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conductive oxide layer. Consequently, the object memory cell 
was formed without oxidizing the polycrystalline silicon (the 
sixth embodiment of the present invention) adjacent to the 
double-layered conductive oxide layer, the anti-diffusion non- 
5 oxide conductive layer consisting of a nitride, etc. (the 

seventh embodiment of the present invention) , and the anti- 
diffusion non-oxide conductive layer (the eighth embodiment of 
the present invention) through a metallic layer. In accordance 
with the guideline 2 for selecting conductive materials, an 
10 aluminum titanium nitride layer for preventing oxygen 
O diffusion and oxidation was formed, thereby stacking an oxide 
dielectric layer (the ninth embodiment of the present 
invention) and a conductive oxide layer (the tenth embodiment 
of the present invention) without oxidizing the nitride layer 
15 even when the metallic layer consisting of platinum, etc. and 
adjacent to the aluminum titanium nitride layer for preventing 
oxygen diffusion and oxidation was thinned down to 3 0nm. The 
object memory cell could be formed in such a way. According to 
the structures and film deposition methods described above, it 
2 0 became possible to reduce both interfacial resistance and 
contact resistance of the object electrode, as well as to 
reduce the capacitor aspect ratio. It was thus possible for 
the present invention to obtain a semiconductor device 
provided with fine-structured memory cells suitable for 
2 5 high integration. 

In the above embodiments of the present invention, the 
semiconductor of the present invention was mainly applied 
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to a MOSFET. The semiconductor can also be applied to other 
devices that use oxide dielectrics (including oxide 
f erroelectrics) as a capacitor, for example, a GaAs MMIC that 
uses oxide dielectrics as a so-called path condenser and a 
5 chip condenser. 
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